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I . — A New Method of Determining the Freezing 'points 
of very Dilate Solutions. 

By Plrg\ B phc dig r L^wis. 

Introductory Note by 21 f. 'Wilder maun . — Percy Benedict Lewis, who 
diotl on the 29th of March, 1894, at the early age of 23, had been for 
some time engaged in the investigation of a subject of importance 
from tho point of view of physics, of practical value in organic 
chemistry, and of great importance in physical chemistry, namely, 
tho best mouns of determining the freezing points of very dilute solu- 
tions. At his request, [ have thoroughly tested and verified his 
method, and tho results of his work are communicated in tho following 
paper. Although valuable investigations on i ho same subject have 
boon already made by Jones (ZHL phyuh Client 11, 110) and by 
Loomis (Wied., Am,, 61) Lewis’ work is distinguished by greater ex- 
2>orimental accuracy, and by the minute and judicious care with 
which tho conditions necessary to secure tho host possiblo results are 
investigated. 

It was his wish that his thanks should be given to the authorities 
of Christ Church, and to Mr. A. G. Vera on Hareourt, for placing tho 
resources of their laboratory at his disposal. 

I have applied the method described to tho more exact investigation 
of Arrhenius’ law as to the connection between the depression of the 
freezing point and th e electrical conductivity ; of Van’t Hoff ’s constant ; 
and of Ostwald’s law of dilution, forming, as they do, the foundation 
of modern theorios of solution. For this purpose very dilute, aqueous 
solutions of phosphoric acid, cano sugar, phenol, urea, ethyl alcohol, 
dicldoracebic acid, trichloracetic acid, and orthonitrobenzoic acid were 
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chosen; tho agreement between tlie theory and the experimental results 
surpassing my expectations. The results thus far obtained will form 
the subject of a separate communication, and I intend to continue the 
investigation, and also to examine by the freezing point method cases 
in which tho dissociation values for a mixture are affected by the 
presence of a common ion. — [M. W.] 

The Method JSmployed. 

The thermometer A, Fig. 1, used for delicate measurements was of 
Beckmann’s form, and was graduated into thousandths of a degree ; 
the mercury reservoir was 117 mm. long and about 20 mm. in diameter, 
and the expansion at the top of the capillary tube, i, was large onough 
for the thermometer to be used over a range of temperature from —20° 
to 30°. The whole scale, whose length was 220 mm., corresponded 
to 0*58° G. The thermometer was of Jena glass, and was made by the 
same instrument-maker (Gotze, of Leipzig) as the one used by Jones. 
This thermometer was fixed in a very thick cork Je, and by its side 
in the same cork, was a second Beckmann thermometer B, divided 
into lOOths of a degree, also made by Gotze. A piece, h, was cut out 
of the cork (see Fig. 2), after a hole a, of a suitable size, had been 
bored, and the large thermometer with the india-rubber ring c f was- 
placed in the hole which was closed again with the piece 6. Tho ther- 
mometer was thus almost rigidly fixed, so that when the cork was gently 
tapped it could move only slightly, whilst the mercury in the upper 
reservoir was but just moved. The small thermometer was merely 
put through a hole d 7 in the cork, the india-rubber ring cl* being 
fastened on it. The vessel which held the solution under investigation 
was a beaker D, of about 1600 c.c. capacity, and the quantity of solution 
used for each observation was 1250 c.c. The beaker, which stood in a 
zinc vessel E to serve as an air-chamber, rested on a mat of thick foil, 
/, which was encased in gutta-percha tissue to keep it dry ; ihe beaker 
was covered with a glass plate through which the thermometers and 
a stirrer passed without friction. Between the sides of tho honker 
and those of the zinc vessel was an air space about 40 mm. wide ; the 
zinc vessel had a cover of the same material in which a round hole was 
cut, and in this tho thick cork with the thermometer's was fixed ; the 
stem of the stirrer, C, passed through a third bole, «, in tho cork. 

The stirring of the liquid was effected by means of a double porce- 
lain stirrer, c, Figs. 1 and 3, consisting of two porcelain plates 100 mm. 
in diameter, placed parallel to one another at a distance of 1 5 mm., 
and fastened together by four small porcelain rods, and tho large rod a. 
In the middle of each of the porcelain plates was an oval hole, i (36 mm. 
broad, and 51 mm. long), so that they could easily pass over both 
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thermometers, and the liquid could be easily and thoroughly stirred 
without disturbing the thermometers. There were besides eight 


c 



circular holes in each plate, so arranged that the holes in the upper 
one wore not immediately over those in the lower; by this arrange- 
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ment, side currents were caused to flow in all directions through the 
liquid, so that even when the stirrer was moved hut gently at the bottom 
of the beaker, the liquid was very perceptibly mixed even in tlio top- 
most layers. On moving the stirrer up and down, currents arc sent 
in opposite directions. Stirrers of various materials (gutta-percha, 
heavily gilt copper, &c.) were tried, but the best results were obtained 
with the porcelain stirrer, especially when dealing with acids and 
alkalis. We did not try a platinnm stirrer, which would have been 
not only heavy but costly. This porcelain stirrer was specially made 
for the purpose ; but stirrers of the same kind can now bo obtained 
at Messrs. Townson and Mercer’s, London. 

It was found to be absolutely necessary, not only that the thermo- 
meters should be kept continuously at 0° for some months before they 
were in a condition fit for using in these experiments, but also during 
the time which elapsed between one experiment and another ; for if 
the thermometer he allowed to remain for several hours at the 
ordinary temperature of the room, it must be kept at 0° for two or* 
three days before it can be used for another experiment. In order to 
provide for this, a second zinc vessel, similar to that which held the 
liquids under observation, was placed in the ice bath, and in it was a 
beaker containing pure distilled water, partly frozen, and in this the 
thermometers were kept immersed during the intervals between the 
experiments ; the temperature of this distilled water showed variations 
of only some hundredths of a degree above or below 0°. When 
actually experimenting, it is necessary to keep the thermometer for 
as short a time as possible in the liquid which is cooled below its 
freezing point ; that is to say, that the freezing had to bo determined 
as soon as possible by the introduction of a little fragment of ice. 
Moreover the mercury was never allowed to enter far into the upper 
reservoir, so as to insure that it should always recede completely on 
cooling. The temperature of the cooled solution was always read off 
directly on the smaller thermometer alone, the scale of which was 
divided into hundredths of a degree. 

Both the zinc vessels, holding respectively the experimental liquid 
and distilled water, stood in a large zinc vessel, m, serving as an ire 
bath, and this again in a still larger vessel, with an air spare 
of several centimetres between them; the outer vessel, moreover, stood 
upon a thick mat of felt, and was also covered with a thick coating of 
felt. Both the tops of the ice-bath and of tlio outer vessel wore 
covered with pieces of thick asbestos cardboard, r /, up to the central 
cork. 

It will be seen that the object of the whole arrangement is to 
maintain the temperature of the ice bath for a length of time as con- 
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stant as possible ; tbe temperature of tbe bath being adjusted in such a 
■way that the solution to bo cooled down is only exposed to exceedingly 
slow changes of temperature. Direct experiments with a freezing 
mixture at —2° to —2 3° in the bath, and a temperature of 12 — 18° 
in the room, proved that the rate of cooling, when the stirrer is hut 
occasionally and slightly moved, is from 0 013° to 0 017° in five 
minutes, and when the stirrer is moved continuously but quietly, 
from 0 0085° to 0 01 °. If ico has been already formed in the solution, 
and is thoroughly mixed with it, the fresh ice, which is formed during 
the 15 — 20 minutes of the experiment, will make the solution only 
about 0 03 or 0 04 per cent, more concentrated — a difference which 
is immaterial. If, howevor, the iec cannot he thoroughly mixed with 
the solution, as happens when the bath is too cold, then even if the 
temperature of the bath has only sunk to — 2 * 3 °, the liquid itself 
continually cools down, and a constant temperature can no longer 
be obtained. The above observations and also the experiments 
made by Loomis {Ann. Tlujst. Chem., 51, 519) show that a constant 
temperature in a mass of liquid may be obtained with greater ease 
and certainty by means of an air bath than with a liquid bath ; for the 
latter, even if it is only — 0*3° below the freezing temperature of the 
solution, always affects the vessel of liquid placed in it with com- 
parative rapidity. 

It was found that if the temperature of the air was from 12° to 18°, 
the best results were obtained wlion the temperature of the cooling 
bath was — T 8 ° to — 2 °, hut if the temperature of the room rose to 
24°, the bath had to be cooled to —2 1 ° or — 2*2 d . 

The cooling bath is prepared by placing a considerable number of 
small pieces of ice in water, Rtirring well, and then adding salt in 
small quantities until the necessary temperature is obtained 5 if too 
much salt bo added, this can bo corrected by diluting with water; 
before using tho mixture, it should be well stirred until the tempera- 
ture is tho same at different levels. TJnclor these conditions, the 
variation of temperature in the mixture in tho course of two hours 
will bo less than 0‘1°. Aftor the bath is in working order, the liquid 
to be investigated must bo cooled below its freezing point at least 
0*55° or 0*0° in order that enough ico may be formed on freezing ; in 
a good determination, this super-cooling should lie between — 0'7° 
and — 1 °, and should bo maintained as constant as possible through- 
out a whole series of determinations, both with water and with the 
aqueous Solutions* 

When the above conditions are observed, a satisfactory determina- 
tion of the freezing point can be obtained ; the reading of the ther- 
mometer remains constant for 10 to 15 minutes after it has readied 
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its maximum, and the mercury in the thermometer has ample time to 
acquire the temperature of the liquid.* 

It may be further noted that the choice of a beaker for the experi- 
ment is of importance; it should be as cylindrical as possible 
throughout its whole length ; if the diameter of the stirrer is 100 mm., 
the diameter of the beaker should be between 107*5 and 109 mm. 1 f 
it be as little as 106 mm., it is impossible to get a good determination 
with certain concentrations of solution, as the ice formed cannot pass 
freely between the stirring rod and the walls of the beaker, but is 
pressed into compact masses against the beaker and removed from 
the solution almost completely, or else it forms a compact mass on the 
bottom of the beaker. If, on the other hand, the beaker be wider 
than 109 mm., it becomes difficult to stir the liquid effectually. 
Before starting on a series of determinations, this point should bo 
carefully ascertained by direct experiment with a few selected 
beakers. 

It is impossible to insist too strongly that neither the constancy of 
the thermometer reading in one experiment nor the agreement of the 
thermometer readings in successive experiments, affords in itself a 
sufficient guarantee that a correct determination of the freezing point 
has been obtained. It is absolutely necessary to examine the solution 
at the end of the experiment, and to make sure that it contains a 
sufficient quantity of finely-divided ice, uniformly distributed, and that 
there is no accumulation of compact ice either round the thermometer 
or on the walls of the beaker. This precaution is absolutely neces- 
sary, but if the operation he carefully performed, and all the precan- 

* These conditions also bring about a convenient formation of icc in tho form of 
fine Hakes distributed uniformly throughout the whole liquid. A curious difference 
in the mode of separation of ice under different circumstances may here be noticed. 
In solutions which show a depression of freezing point of about 0*02°, ioo almost 
always forms throughout the liquid, but that is not the case with pure water. 
Vith the latter, the ice forms in fine crystals throughout the liquid, but at onco 
agpegates, forming a cap round tho bulbs of the thermomelors, and settling in a 
thick layer round the stirrer. 

There is no doubt that the correct freezing point can only bo obtained when ice 
is formed in fine fiakes throughout the solution 5 and it is equally certain that it 
cannot when an ice-cap forms round the bulb of the thermometer. Comparative 
experiments, in which the formation of an ice-cap was sometimes allowed to take 
place, and sometimes prevented, gave uniformly lower readings for the freezing 
paint in the former case. From this it will be seen that the agreement of readings 
in successive experiments is no guarantee that the freezing point observed is the 
true one. There can be no doubt that a correction must be applied in tho deter- 
mination of the freezing point of water for a constant error due to tho formation 
811 lce_ca P round the bulb of the thermometer : the accurate determinat ion of 
this correction is a matter of great importance, and will form the subject of a later 
communication. — M. W. 
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tions indicated be observed, an unsuccessful experiment will be of 
rare occurrence. 

The Two Tlwnnomt ttrs (0*01° and 0*001°). 

In stating the conditions under which an accurate determination 
of the freezing point of a solution is possible, it has been assumed 
that a thermometer divided to 1/1000° 0. has been used, because with 
such | a thermometer more delicate and accurate determinations of 
freezing points can be made than with a thermometer divided only to 
1/100° O. Nevertheless, all tho experimental precautions described 
above should bo taken in order to obtain a good determination with 
the 1/100° thermometer ; by the use of the more delicate thermometer, 
the conditions necessary for a successful determination have been 
more definitely ascertained and controlled. Kohlrausch {Ann* Phy * . 
Qliem ., 51, 527 — 528) has recently adduced several action objections 
to the use of the more delicate instrument. Tho best way to judge of 
the force of his objections is by simultaneous observations with the 
two thermometers. The description of the precautions required in 
tho execution of tho experiment makes it clear to what extent the 
doubts of Kohlrausch and of Dietorici {Ann. Phy*. Ghem 50, 78) 
are justified. 

One difficult question remains to bo answered, namely, what is the 
effect of a variation in tho barometric pressure on the reading of the 
thermometer? Any variation of the actual freezing temperature 
duo to variation of barometric pressure may bo noglectod. 

Before considering this point, however, a question which has been 
recently brought fomard by Kohlrausch must bo dealt with. Kohl- 
rausch writes in reference to tho freezing point dotorminations made 
by H. C. Jones : — “If tho glass of tho bulb of the 1/1000° ther- 
mometer were vmy thin, tho following difficulty must ho considered. 
The thermometer was allowed to l'omain in tho solution even when it 
was cooled 1*2° below tho freezing point. At tlie moment of solidifi- 
cation the mercury roso in the siom by about 20 cm,, so that tho 
incioaso iu tho length of tho mercury column would cause an increase 
of prosstu*o of about a quarter of an atmosphere on tho inside of the 
bulb. It is possible that tho consequent expansion duo to the 
elasticity of tho glass may cause a gradual variation in the reading.” 
Kohlrausch proposes to settle this question by simply inclining the 
thermometer; but this method would he inapplicable for large varia- 
tions of pressure, because it is only possible to obtain a definite 
freezing temperature under very definite conditions and with veiy 
special precautions, and in this case, where the effect to he measured is 
necessarily very small, no conclusions could he drawn from a rough 
experiment. The thickness of the cork in the apparatus above de- 
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scribed made it possible to incline the thermometer to an extent 
corresponding to a difference of pressure of 10 to 15 mm., but no 
change in the reading of the thermometer could bo detected. Farther 
information on this point was obtained in the course of the investi- 
gation of the effect of different degrees of super-cooling on tho read- 
ings in the case of water. As no variations of concentration can 
occur in tho case of water, the observations on this point can bo 
extended over wider limits than in the case of solutions (e.#., 0*6° to 
1-2° or 1*3°). MW, if the wall of the bulb be thin enough for tho 
elastic effect to become obvious, the observed freezing point would 
depend on the extent of the preceding super-cool in s>.* In the follow- 
ing observations the thermometer was left for as short a time as 
possible in tbe super-cooled liquid. 


Super-cooling read off 
on tho 1/100° thermometer. 

0*497° 

0-607 
0*647 
0 827 


Freezing point of water read 
on the 1/1000° thermometer. 

0-4875° 

0-4875 

0-4873 

0-4873 


These results seem to show that the thickness of the glass bulb was 
sufficient to confine within the customary limits of experimental 
error (one, two, or three thousandth of a degree) the variations due 
to the two causes mentioned above, namely, the elastic effect caused 
by the internal pressure, which was applied only for a very short 
time, and the contraction due to variations in the amount of super- 
cooling of the liquid examined. 

But the case is different if the excess of pressure and the loworing 
of temperature be allowed to persist for any length of timo, in which 
case the effect on both thermometers was observable. If tho J/1000 f> 
thermometer be kept at the temperature of the room for some hours, 
and afterwards used for a series of freezing point determinations 
under constant or almost constant atmospheric pressure, the observed 
freezing point shows a continuous rise in consequence of the gradual 
contraction of the glass bulb. A similar rise is observed when tho 
atmospheric pressure is gradually increased, so as to diminish tho 
volume of the mercury bulb. In the following experiments, which 
were performed at various times, the water used was not always tho 
same in each pair of corresponding observations, but the mercury was 
not allowed to rise into the upper reservoir during any pair of 
experiments. 


* The capillary tube from 0-58° to the mercury reservoir is about 830 mm.* 
and the difference in the pressure will be about 150 mm. 
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Atmosphenc j 

prebbiuv. 

1 

I Difference. 

1 

Reading of 
1/1000° thermometer. 

Difference. 

749 -3 mm. 
750-3 „ 

i 

0*4855(0) 

0 *4819 

| +0-0086? 

760 3 mm. 
75C-5 „ 

/ 

+ h *3 mm. «|^ 

0 4832 

0*4818 

} +0-0018° 

752 -6 mm. 
761-3 „ 

j J- + 8 *7 mm. 

0-4830(4.0) 

0 4865 

| +0-0036° 

752*6 min | 
758 *8 „ 

1 J- + G 2 mm. -J 

0*4810 

0*4859 

j- +0-0019°. 

740 -0 mm. 
758-5 „ 

j- -r 9 *2 mm. 

0-4830(1) 

0-4857(8) 

j- +0-0027(8) 


From these observations, it appears that an increase of 1 mm, in 
the atmospheric pressure acting for some time causes a rise of about 
0*0003° in tho freezing point as observed on the 1/1000° thermo- 
meter. Tho difference between observations made at the same 
time with the 1/100° thermometer amounted to 0*004° for a 
difference of pressure of -1-9*8 mm., 0*002° for a difference oi 
+ 6*3 mm. Those differences in the readings of the small ther- 
mometer include tho errors of observation, which may amount to 
0 001°, to 0*002° if the pressure remains unaltered. 

It was found that the use of a microscope with micromotor scale, 
such that 10 divisions of the scale corresponded to one division of the 
thermometer scale, was < f very little use, as it was impossible to read 
the thermometer scale and the mercury meniscus at the same time. 
It is still uncertain what correction should bo applied for an 
alteration of 1 mm. in atmospheric pressure if tho change of 
pressure) affects the mercury bulb for one or two hours only; the 
question can only be decided by experiments made whoa tho baro- 
metric pressure happens to change by several millimetres in tho 
course of a few hours. We might expect the correction to bo 
smaller, as tho contraction of tho glass vessel due to increase of pres- 
sure probably takes place very slowly, just as the apparent rise of 
temperature ia a thermometer placed in a cold mixture of constant 
temperature takes place very slowly and only reaches a maximum 
after two or three days. 

The best plan of obviating this possible source of error is doubtless 
to rely only on experiments made under favourable atmospheric con- 
ditions, The variation of tho barometer pressure in the course of 
8 or 10 hours is often under 1 mm. and seldom amounts to more than 
2 mm* Tho exceptional days on which the variations are as much as 
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3 or 4 mm. are unsuitable for delicate freezing-point determinations, 
however accurately tbe corrections required may bo examined and 
studied. The only possible remedy in such a case is to make two or 
three control determinations of the Breezing point of pure water in 
the course of the day ; or only to make determinations of freezing 
points of the more concentrated solutions. 

As to the degree of accuracy attained in these experiments, it may 
be stated that the variations of the thermometer readings amount to 
one or two, seldom to three ten-thousandths of a degree. In the case 
of the small thermometer, the differences amount to one or two 
thousandths of a degree under similar circumstances. It is thus 
obvious tha t under or dinar y circumstances, when the barometric 
variation is not excessive, it is possible to make much more accurate 
and delicate readings with the 1/1000° thermometer than with the 
1/100° thermometer. # 


Manipulation. 

A flask with 1250 c.c. of water is left standing daring the night in 
the zinc vessel which is surrounded by ice, so that on the following 
morning water at about 0° may be obtained for the experiment. The 
stirrer should be left all night in the beaker filled with distilled 
water so as to cleanse it; as the experiment is earned on with 
•dilute solutions, this is quite sufficient unless the beaker is a new one, 
in which case it should be washed first with sulphuric acid, then with 
water, and finally steamed. 

The first step is to make the ice bath of the right temperature (—1*8° 
to —2°). The beaker and stirrer are then dried with good filtering 
paper, 1250 c.c. of water of about 0° is poured into the beaker, and 
the stirrer placed in the beaker together with a thermometer divided to 
tenths of a degree. The beaker is then placed in the ice bath and the 
liquid stirred thoroughly now and then with tho stirrer ; as soon as the 
liquid acquires a temperature of +0 2°, the greatest caro must be 
observed in further cooling ; the beaker must remain at rest and the* 
liquid be stirred now and then veiy gently. In this operation the stirrer 
must never be taken out of the liquid neither must it bo allowed to 
rub against the sides of the beaker, or freezing occurs bofore tho tem- 
perature reaches —1*2° or —1*3°. When the temperature of — 1*2° is 
reached, the 1/10° thermometer is laid aside and placed in a beaker with 
distilled water. The outside of the beaker is now dried with a cloth 
<as quickly and gently as possible, and it is placed on a dry mat of felt 
in the air chamber, taking care that it is in the right position so that 
the thermometers may be in their proper places with regard to the 
stirrer. The zinc vessel must then be closed with its asbestos cover, 
and the stirrer taken out of the liquid for 30 or 40 seconds, so that 
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no ice flakes may form oil it ; this precaution is especially necessary 
if the solutions are very dilute. The thick cork with the delicate 
thermometer is then fixed in its place in the zinc lid. 

The stirrer must bo so placed as to move freely up and down 
without touching tko thermometers, and the thermometers must be 
vertical; after somo practice, these adjustments take bub little time. 
NTow the stirring should go on very quietly, without interruption, 
and after a very short interval a reading of the 1/100° thermometer 
should be taken to ascertain the amount of super-cooling. A 
little fragment of ice is then brought in by laying it against the 
stem of the stirrer, and the freezing of the liquid, already cooled below 
its freezing point, is thus determined. As a rule, freezing begins 
very soon ; it must not be too long delayed or ice will be formed on the 
thermometer and stirrer, as also in solutions which give a depression 
of about 0'02°. During the rise of temperature, the stirrer must be 
quietly and uninterruptedly moved by one hand, while with the other, 
the thick cork is tapped very gently, so gently that there is no rattling 
of the opal-glass scale of the thermometer, and that only a slight move- 
ment of the mercury in the reservoir is perceptible. This must be done 
in order that the mercury thread may attain its maximum height as 
quickly as possible. If this continual tapping be omitted, the thread 
may remain at rest far below its proper position, and then rise 
suddenly owing to some accidental shake as the stirrer is moved. 
Any stronger tapping, for example, with a knife on the head of the 
thermometer, or with tho stirrer on the bulb, must be avoided, as this 
not infrequently causes a break in the thread of mercury at the nock 
of the bulb. The chief difficulty is to bring about and observe the 
rise of the mercury through tho last thousandth and ten thousandth 
of a degree. The maximum has been attained when the mercury 
thread remains in a fixed position for more than a minute iu spite of 
tapping; this usually occurs about five minutes after the time when 
the rise of temperature was first observed. The temperature must 
remain constant for 8 to 10 minutes aflor the maximum has been 
reached ; during this period, about ton readings may be made, and it is 
sufficient if the stirror be used several times without tapping, and the 
cork tappod several times without stirring, before a reading is taken. 
In the case of the smaller thermometer, the upper end can be gently 
tapped with a small knife, without danger of tho formation of a vacuous 
space at the nock of the bulb, or of the separation of the thread of 
meremy. In reading the thermometer a good ordinary lens may be 
used; this is more convenient than, and, for a practised eye, quite as 
serviceable as a microscope with a micrometer scale. Individual read- 
ings are of course subject to small variations, amounting to one or two 
or sometimes three ten-thousandths of a degree (see Tables, pp. 13* 14) * 
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After the readings have "been made, the condition of the solution must 
be carefully examined. The cork •with the thermometers must be- 
taken off and the beaker removed to make sure that no caj> of ice 
has formed upon the bulb of the thermometer, or any coaling of ice 
upon the stirrer or beaker, but that the ice consists of lino Hakes* 
and is present in the liquid in sufficient quantity. The greater part 
of the ice is then melted by placing the beaker in a vessel of water of 
the temperature of the room, and a certain number of c.c. of the 
solution is drawn off and the same volume of a solution of known 
strength is added. The more concentrated solution thus obtained 
must be warmed at first to +0*7° to -fl°j and the beaker containing 
it is then again brought into the ice bath. 

From this point a fresh experiment begins, and must bo made with 
the same precautions as the preceding one. In every experiment, 
the temperature of the bath and of the room, the height of tlio 
barometer, and the condition of the ice round the thormomotcr must 
he noted. 


Corrections . 

After the freezing point of pure water or of the solution under 
examination has been determined, a definite number of c.c. are re- 
moved by means of a pipette, and replaced by the same number of 
c.c. of a solution of known strength ; the strength of the resulting 
solution is then calculated before the freezing point is determined. 
In calculating the molecular lowering of the freezing point, we have 
to consider not the degree of concentration thus calculated, but that 
which actually exists at the freezing temperature after some of tho 
solvent has separated in the form of ice. It is assumed throughout 
that the dissolved substance does not separate in the solid form along 
with the solvent. The calculation of tho actual strongth at tho 
freezing point is very simple ; if the solution be cooled to a tempera- 
ture below the freezing point, then it must rise again through 
and, in doing this, 1 kilo, of the solution will absorb heat equivalent 
to n calories ; now this heat must be obtained at the expense of that 
which is developed in the formation of ice, and the amount of ieo 
formed will therefore depend on it, Tho latent beat of fusion of 1 kilo, 
of ice is 80 cal., hence nj 80 kilos, of ice must separate, or, iu other 
words, n x 100/80 per cent, of the solvent must solidify. The strength 
corresponding to an observed lowering of the freezing point must 
therefore be greater by 100 -- (100 — 100w/80) than before solidifica- 
tion took place. As we have only to deal with a correction applicable to 
very dilute solutions, we can make the approximation that the specific 

* For formation of ice on the thermometer and stirrer, especially in determining 
the freezing points of vater and of very dilute aqueous solutions, see footnote, p. 6* 



the freezing points of vert dilute solutions, 

Potassium Gkhiide Solid tons, 1-214 normal . 


IS 


Condition of experiments. 

Readings of 
1/1000 J ther- 
mometer 

Time 

Hours, nuns. 

Readings of 
1/100° ther- 
mometer. 

1. Distilled water. 

Bath. -1 8°. 

Barometer 757 mm. ® 

Temp, of tlxe room 3 3 5°. 

0 -4873° 

0 • 1871 

0 -4373 

12 lb 

12 23 

12 28 

*3-50 

C-147 

6-117 

6-147 

0-4873(4) 

10 minutes 

I'. Distilled water. 

Bath -1 8°. 

Bavomot cr 757 mm. § 

T<*mp of the room 13 7". 

0 4872 
0-4873 

0 4372 

1 3 

3 18 

•*5 32 
0T47(6) 

6-147(6) 

0 -4872(3) 

15 inmutes 

r — 10 c e , + 10 e e. KCl *ol. 

- l (sol. — 0 009711 mol norm ) 
Bath -1*8°. 

Barometer 756 8 mm. * 

Temp, of the room 18 8°. ^ 

0*4520 

0-i321 

0-4522 

0* 1020 

1 56 

2 1 

2 7 

2 10 

•5-215 

•5-20 

0*4521 

14 minutes 

5 18 

5 27 

2'. Bath — 1-8° to -2°. 
Barometer 757 mm. 

Temp, of the room 14°. § 

t 

0 • 1*525 
0-1524 
0-1523 
0-1524 

0-1321 

0*1197 

0-4196 

0*1196 

0-4196 

( ) minutes 

r —10 c.e , +30 t\e. KOI sol. 
3. 4 * 

l(aol « 0 01931 mol norm.) 
Until — 1*8 * to -2°. f 

Barometer 737 mm. £ 

Temp, of the room 11°. 

6 10 

6 14 

6 16 

1 0 20 

*3 10 

oTloo 

| 10 minutes 

3'. Bath -1-8 to -2“. 

Barometer 757 mm. 

Temp, of the room 14°. 

t 

t 

0-4197 

0-4100 

0-1197 

0-1198 

0-4197 

0-4197 

7 0 

7 5 

7 X0 

7 15 

*3-257 

0*4197 

15 minutes 


For f, t» h so® footnotes oa next page. 
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Potassium Chloride Solutions , 1*214 normal — (continued). 


Condition of experiment*. 

Readings of 
1/1000° ther- 
mometer. 

Time. 

Hours, mins. 

Readings of 
1/300° ther- 
mometer. 

r —20 c.c., + 20 c.e. KC1 sol. 

’ l (sol. = 0*03845 mol. norm.) 
Bath —1*8 to —2°. 

+ 

Barometer 756*8 mm. 

0*3517 

0*3516 

0*3517 

0*3516 

0 *3517 

8 3 

8 5 

8 G 

8 9 

8 10 

*5 -20 

Temp, of the room 14°. + 

0 -3516(7) 

i 

7 minutes 


1 Distilled water. 

Bath -1-8°. § 

Barometer 757 mm. 

f 

o o o o o 

33332 

5 20 

5 23 

5 25 

5 28 

5 30 

*5-31 

Temp, of the room 14°. 

0 4870(7) 

10 minutes 


r — lOc.e., +10 c.e. ; — lOc.c 
l + 10 c.c. ; —20 c.e. 
r + 20 c.c. RC1 sol. 

1 (sol. 0*03845 mol. norm.) ^ 
Bath —1*8°. + 

0-3527 

0-8527 

0-3520 

0-3327 

0-3526 

0-3526 

C 13 

6 14 

6 15 

G 18 

6 20 

*5-22 

Barometer 757 (756 *8) mm. 
Temp, of the room 14°. 

0*3526(7) 

7 minutes 


r r — 40 c.c., +40 c.e. KC1. 

° L (sol. 0 *076064 mol. norm.) 

0*2223 

0*2222 

7 0 

r 5 MO 

Bath -1*8°. 

Barometer 757 mm, 

Temp, of the room 14°, f 

0 *2221 

0 *2221 
0*2220 
0*2220 

0 ‘2221 

7 2 

7 5 

7 8 


Z 

0 *2221 

8 minutes 


S'. Bath -1*8°. 

Barometer 757 mm. 

Temp, of the room 14 *3°. 

t 

0*2218 

0 *2217 
0*2219 
0*2218 
0*2217 

8 0 

8 2 

8 4 

8 7 

8 10 

•5-23 

Z 

0-2217 

10 minutes 



# Reading of small thermometer before the freezing of the solution, 
f No formation of ice on thermometer or stirrer. 

X Sufficient formation of ice. § Ice formed on the thermometer and stirrer* 
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heat and the latent heat of fusion of the dilute solution are the same 
as those of pure water. This mode of correcting is doubtless the 
safest and the most convenient ; certainly it is to be preferred to the 
correction obtained by removing the ico and determining the density 
of the residual solution. In the experiments made by Loomis, who 
used a liquid bath and small quantities of solution, it is possible that 
the rapid cooling caused more ice to be formed than the theory indi- 
cates ; but this cannot be the case in the above-mentioned experiments, 
where an air bath was used, and large quantities of solution were 
employed. As the total correction is small, the error introduced in 
making the correction as described can only be very minute. 

For the corrections of reading for variations of atmospheric pres- 
sure, see p. 9. 

For the corrections of the freezing point of water and of aqueous 
solutions in experiments in which the thermometer bulb was sur- 
rounded by a film of ico, see footnote, p. 6. 

Before giving some of the results obtained, to serve as an illustra- 
tion of the method, the mode of calibrating the more delicate ther- 
mometer may be described. 

The operation was performed by reading the positions Z and r of 
the two ends of a detached thread of mercury on the scale. A 
thread suitable for this purpose was obtained by boating the thermo- 
meter to somo degroes above the temperature of the room, so that a 
sufficient quantity of mercury passed over into the lower part of the 
upper reservoir; on allowing the thermometer to cool, the mercury 
retreated into the bulb ; a small quantity of mercury was then made 
to pass from the upper reservoir into the capillary in the same way as 
that commonly usod in adjusting a Beckmann thermometer. 

The small thermometer was an unusually fine insirnment, tested in 
the Berlin Observatory, and found to ho quite correct ; it was used by 
Gutzo as a standard of comparison for his other thermometers. 

In ilio following table 

a concentration of tlic solution taken in gram molecule per litre. 

a — depression of the freezing point. 

b -a cooling of the liquid below the freezing point. 

* -* percentage weight of solvent (water), winch crystallises out when the 
solution is super-cooled * b. 

d =* concentration actually subsisting after the separation of the quantity of 
solvent stated under c. 

«i = corrected value of a. 

£ — molecular depression * 2-. 

.- ftl 

x 100 = percentage of substance dissociated, 

2 

E « number of experiments from which the data for water and solution are 
obtained. 

Yon’t HbfTs constant for water is 1*80. 




0*076164 0*2F6H5 J 0 651 . 0 8138 g g7j 9 * a ® 706 8 3 467 1*835 83 5 
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II. — Cory</aliiU'. Part IV. 

By James J. Dohbie, M.A., D.Sc , and AciB\«*dcii Louder. 


Specific Rotation of Oorydaline . 

Thc specific rotatory power of coi'ydaline in alcoholic solution was 
determined, with, tho following results. 


I. 


d = sp. gr. of solution 20°/4° = 0'8160 ; p = percentage of coryda- 
line in 100 grams solution = 0'9457 ; c = concern ration = dp — 
0 7716 ; l — 2 decimetres ; a = rotation at 20° = +4 8°. 


r i _ « x 100 _ 4-8 x 300 
L Jd “ Ic 2 x 0-7716 


+ 311-0. 


11 . 


d 20°/4° = 0-8167; p - 1-0185; o = dp = 0-8318; l =r 2 deci- 
metres; a. at 20" = +5"15°. 

* x 100 _ 5-15 x 100 , ona.r 

Ic ~ 2“x 0-8318“ + ' 109J - 


Mb = 


Action of Chlorine on Corydaline . — A chlorinated derivative of 
corydaline was accidentally obtained in the following manner. In 
recovering the nnoxidisod corydaline from the manganese dioxide 
obtained in the process of oxidation, this oxide was exhausted with 
alcohol, the alcoholic solution evaporated to dryness, and tho residue 
treated with hydrochloric acid. A little manganese dioxide had passed 
through the filter, and this gave rise to an evolution of chlorine, which 
attacked the corydaline and converted it into a monochloro-derivativc. 
This is easily soluble in water, fi*om which it crystallises, on slow 
evaporation, in largo, golden yellow, prismatic crystals. Its hot 
aqueous solution, acidified with hydrochloric acid, deposits it in 
magnificent, golden spangles, on cooling. It melts at 188 — 191°, and 
decomposes a little above this temporatui*e. It is sensitive to light, 
darkening after a short exposure. It was dried at 100°, and the 
chlorine determined. 


I. 0-2912 gave 0*1052 AgOl. 01 = 8*93, 

II. 0*2627 „ 0-0938 AgOl, Cl = 8-80. 

OgaHggOlNOi requires 01 = 8*75 per cent. 


Osddation with Potassium Permanganate (continued). 

In our first paper on the oxidation of corydaline with potassium 
permanganate (Trans., 1894, 65, 57), wo stated that when the mother 
VOL, lxvu. n 
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liquor, from which the corydalinie acid had been removed by crystal- 
lisation, was evaporated, it yielded a clear, yellow, resinous substance; 
rhis, when dissolved in water and precipitated with load necfalo or 
silver nitrate, yielded the corresponding salt or s«»lfs of an organic 
acid or acids. We have now examined this precipitate, and find that, 
in addition to a little corydalinie acid, it consists chiefly of homipinic 
acid mixed with a small quantity of a nitrogenous acid and uuciystal- 
lisable matter. 

The mother liqnors, from which the corydalinie acid had been 
extracted as completely as possible, were neutralised with ammonia, 
and lead acetate added until precipitation was complete. The pre- 
cipitate, after being thoroughly washed with water, was decomposed 
with hydrogen sulphide, and the solution filtered from the lead 
sulphide and concentrated by evaporation. A little corydalinie* acid 
first separated, being much less soluble than iho other oxidation 
products; the filtrate from this, when further concentrated, very 
slowly deposited a mafis of crystals, which were separated with diffi- 
culty from the thick, syrupy liquid by means of tho filter pump. 
These crystals, purified by repeated crystallisation from wafer, were* 
found to he separable into two fractions, tho less soluble pent ion, 
which crystallised in long, prismatic crystals, melting between 170° 
and 180°. It was further purified by reprecipitation with lead 
acetate, and subsequent decomposition of the lead salt with hydrogen 
sulphide. The crystals, which were free from nitrogen, were dried 
at 100° and analysed. 

I. 0*2862 gave 0*5552 C0 3 and 0*1235 H*0. 0 = 52*91 ; II s 1*79. 
11.0 2285 „ 0*4402 CO a „ 0 0932 11,0. 0 = 52*54 ; II = 4*53. 

OJHioO. requires O = 53*09 ; H = 4*42 per cent. 

The silver salt was prepared by neutralising tho aqueous solution 
of the acid with ammonia, and precipitating with silver nitrate. It 
was dried at 1C0° for analysis. 

I. 0*2557 gave 0*1251 Ag. Ag =* 48 93. 

II. 0*2765 „ 0 1354 Ag. Ag = 48*90. 

OjoHsOsAg, requires Ag = 49 09 per cent. 

On treating the acid with fuming hydrogen iodide, moihylic iodide 
was formed. The methoxy-groups were determined by ZcisoPs 
method in the usual manner. 

I. 0*2439 gave 0*4591 Agl. 0011* = 26*80. 

Theory for two methoxy-groups in C 10 HioO 6 requires 27*43 per cont. 

OCH3. 

These results prove that the substance is one of the varieties of 
hemipinic acid. We experienced the same difficulty as others in 



DOBBIE AND LAUDER: CORYDALINE. 


19 


determining tlie melting point of this acid. Specimens prepared at 
different times, or obtained at different stages of the opeiations, when 
examined separately, appeared to molt at tom pevat arcs differing by 
as much as 10°, but the same specimens wore found, when examined 
side by side, to decompose exactly at the samo temperature. The 
melting point which we most frequently observed was 174 — 175°, 
the melting point given by Goldschmidt for mctahemipinic acid from 
papaverine (Her., 1888, 21, fief. 786), but it is impossible to rely on 
tliis property as a means of identifying the acid. Goldschmidt states 
that the melting point of the hemipinic acid from narcotiuc varies 
between 156° and 158° in a closed capillary tube, and botween 160° 
and 161° in an open capillary tube, the highest melting point observed 
on* quickly boating being 182° ; the melting point of metahemipinic 
acid from papaverine, on the other hand, varies between 172° and 173*5° 
in a closed, and between 174° and 175° in an open capillary tube, the 
highest molting point obsorved on rapidly heating being 194°. 
Perkin, again, found that the hemipinic acid ho obtained from 
berberinc molted sometimes between 159 a and 160°, and sometimes 
between 177° and 178°. With the 1 view of determining whether 
the acid which wo had obtained was identical with the hemipinic 
acid from narco tino or with mctahemipinic acid from papaverine, we 
subjected it to tho various tests given by Goldschmidt {loo. cib . ), 
and by Perkin (Trans., 1889, 55, Gil). Specimens of tho acid 
prepared at different times and under different conditions were 
found to he free from water of crystallisation ; isolated, well- 
developed crysials were frequently obtained, and invariably presented 
the form of monoclinic prisms. When treated with ferric chlorido, 
an aqueous solution of tho acid gave an orange-yellow coloration. 
The anhydride was prepared by heating 1 gram of tlie acid for about 
an hour at 200° and dissolving tho residue 131 glacial acetic acid, from 
which the anhydride crystallises in delicate 1 , colourless needles, melt- 
ing sharply at 1GG — 167°. Tho solution of tho anhydride in acetic 
acid, especially whon dilute, shows a beautiful, blue iiuoresconco. 
This substance was dined at 100° and analysed. 

1. 0*1149 gave 0*2439 CO, and 0*0412 HA <J ~ <57*88 ; H =r 3*98. 

OwHbOs reqnircs 0 = 57*69; H 3*84 per cent. 

* , 

As the melting points of the ctliylimido of hcrpipinic and meta- 
hemipinic acids respectively differ by more than liJ0°, this de- 
rivative affords an excellent moans of distinguishing between the two 
acids. Some of this substance was therefore prepared by the method 
given by 0. Liebemann (J&r., 1886, 19, 2275). 1 gram of the pure 
acid was dissolved in an aqueous solution of ethyls mine, 'ovaporated to 
dryness, the residue heated over tho naked flame, and ibon exhausted 
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with boiling methylic alcohol ; on cooling, the ethylimido separated in 
beautiful, long, needle-shaped crystals, melting at 90°. Jly recrystal- 
lising twice from boiling water, the molting point was raised io 92 \ 
The melting point given by Liebermann fori be etliylimide of liomi- 
pinic acid is 96°. There can be little donbt, therefore, that the homi- 
pinic acid from corydalino is identical with that obtainod from 
narcotine and berberine, and has the formula CcK 2 (OOH,) 2 (COOH)^ 
[= 1 : 2 : 3 : 4]. It agrees with this acid in crystalline form, in its 
reaction with ferric chloride, and in the melting point of its anhydride. 
According to Goldschmidt, the hemipinic acid from narcotino contains 
2H 2 0, bnt Perkin found (Trans., 1889,55, 68) that the acid obtainod 
from berberine, wbicb is undonbtedly identical with that from nar- 
cotine, crystallised sometimes with and sometimes without water of 
crystallisation. We noticed that the acid sometimes separated quickly 
and completely from its aqneons solution, at other times only after 
long standing, a peculiarity also remarked by Perkin in the case of 
the hemipinic acid obtained from berberino. 

After the removal of the hemipinic acid from the mother liquors 
of corydalinic acid, a small quantity of a nitrogenous acid was ob- 
tained; this is very soluble in water, melts sharply at 156°, and 
gives a white precipitate with silver nitrate. It crystallises from its 
concentrated aqueous solution in tufts of delicate, silky needles. 
We have not yet succeeded in obtaining this acid in sufficient quan- 
tity for analysis. 

When the hemipinic and other acids Lad been removed as com- 
pletely as possible by means of lead acetate, the filtrate from the lead 
precipitate was evaporated to a small hulk. After a lapse of several days, 
a crop of minute, colourless crystals was deposited; these separated 
from the thick, gummy mother liquor by means of Iho filter pump, 
were recrystallised several times from water or alcohol, in both of 
which they are freely soluble. The crystals, which sometimes attain 
a considerable size (£ of an inch), have the appeanmee, when 
properly developed, of oblique prisms, They contain no water of 
crystallisation, and melt sharply at 175°, Thoir aqueous solution is 
neutral to test paper. For analysis, it was dried at 100°. 

I. 0-2894 gave 0-5549 CO a and 0*1893 H a O. 0 as 63*21 ; 11 s (>• 10. 

II. 0*2480 „ 0*5753 C0 2 and 0*1509 H.O. C- 63*27 ; 1 1 = C 76 

in. 0*2844 „ 0-1361 Pfc. ST = 6*90. 

IV. 0*2936 „ 0*1373 Pt. 1ST = 6*74. 

Mean of the above 0 = 63*24 ; H = 0*61 ; BT = 6-8*2 por cont. ; 
from which we deduce the formula 0 hH w N0 4 j this requires 0 « 
63 76 ; H 6*28^; IT = 6*76 per cent. The methoxy-groups were 
determined by ZeisePs method in the usual way. 
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I. 0*2326 gave 0*5210 Agl = 29*57 per cent. OCHj. 

II. 0*2103 „ 0*4714 Agl = 29*59 „ 

Theory for two OCH 3 groups in <J u H 13 N0 3 = 29*95 per cent. 
OOH S . The formula of this substance is therefore probably 
C,NH 7 (0CH 3 ) 2 0. 

With the view of determining whether this compound contains an 
aldehydic or ketonic group, we tried to form a compound of it with 
phenylhydrazine. One gram of the substance was treated with a 
mixture of phenylhydrazine and sodium acetate, but no compound 
was obtained even after warming the mixture, and allowing it to 
stand for a considerable time. As, however, the amount of material 
at our disposal was only sufficient for one experiment, and we were 
unable to vary the conditions, we cannot attach much importance to 
this negative result. With rosaniline, decoloribcd wiih sulphurous 
acid, we obtained a distinct, though feeble, reaction. We shall 
therefore for tho present refer to this subbtanco under the namq of 
conjdakline . 

We were unfortunately unable to control tho molecular weight of 
corydaldine by tho formation of derivatives. As, however, it only 
contains one atom of nitrogen, and the analyses are quite satisfactory, 
there can be little doubt that the formula given is the correct one. 
The determination of the methoxy-gronps affords further confirma- 
tion of its correctness. 

When heated with lime, corydaldine gives the odour characteristic 
■of the quinoline bases. An aqueous solution of corydaldine gradually 
reduces a solution of silver nitrate when tho mixture is heated. 

In addition to the oxidation products already mentioned, we ob- 
tained small quantities of at least two other substances, but not* 
sufficient to onable us to give any account of them. 

Action of Hydrogen Iodide on (Jorydatimc acid. — In our first paper 
on tho oxidation of corydaline (Trans., 1894, 65, 57), we described 
one product, corydalic acid, obtained by tho action of hydrogen 
iodide on corydalinic acid, and mentioned tho existence of other pro- 
ducts which wo had not then examined. Wo have now studied this 
action more fully, and find that three acids arc produced when cory- 
dalinic acid is decomposed in this way — two non-nitrogenous and one 
nitrogenous, tho last in very small quantity, tho greater part of the 
nitrogen being eliminated as ammonia. The various products result- 
ing from the decomposition were separated from one another by 
fractional crystallisation ; corydalic acid being less soluble than the 
other acids separated out first. The mother liquors of tho corydalic 
acid yielded a mass of fine needle-shaped crystals of a non-nitro- 
gonous acid ; this acid, which is the product of decomposition occur- 
ring in largest amount, decomposes sharply with effervescence at 
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199—200°, but without charring. Its aqueons solution is strongly acid, 
gives the pyiocatechol venciiou with feme chloride, and reduces nil 
ammoniacal solution of silver nitrate. It is easily soluble in alcohol 
and in ether, but is practically insoluble in boiling benzene. The 
acid was dried at 100° for analysis. 

I. 0-2768 gave 0 5553 CO, and 0-1086 11,0. 0 s 54*71 ;Hs 4*35. 
II. 0-2619 „ 0*5270 CO, and 0-0996 IhO. O = 54*88 ; II = 4'22. 

C 7 H 0 O4 requires O = 54-54 , H = 3-89 per cent. 

These results, taken in conjunction with the melting point of the 
acid, its insolubility in boiling benzene, and the reaction with feme 
chloride, led ns to suspect its identity with protocatecliuic acid, 
which has the same formula. Protocatecliuic acid crystallises with 
1H 2 0. A specimen of the acid, dried over sulphuric acid until con- 
stant in weight, was heated at 100° until constant, with the following 
result. 

I. 1-0961 lost 0 1098 H 2 0 at 100°. H 2 0 = 10*01. 

C 7 H c OiH, 0 requires H 2 0 = 10*46 per cent. 

The lead salt, obtained by adding lead acetate to an aqueous solu- 
tion of the aeid, gave the following result on analysis. 

I. 0*3088 gave 0*2920 PbSO t . Pb = 64-58. 

Pb(C 7 H 5 04)2>2Pb0, the salt obtained from protocatecliuic acid under 
similar conditions, requires PI) = 64*75 per ceut. 

As a further means of identification, we subjected some of the acid 
to dry distillation; caibonic anhydride was evolved, and a solid resi- 
due obtained, which, after crystallisation from boiling benzene, gave 
all the reactions of pyrocatechol. 

Further examination of the other non- nitrogenous acid, described 
in our last par>er under the name of corydalic aeid, has shown that 
the specimens on which our descriptions were based were not quite 
pure. Corydalic acid, when pure, crystallises in flat, prismatic or) 
stals which decompose with effervescence at 178—180°, the residue 
melting completely to a dark brown liquid at about 250° 5 when 
heated with lime, it gave no odour of phenol. This acid is soluble 
in water, but less so than protocatecliuic acid ; it is also oasily solubh 
in alcohol. Its aqueous solution is strongly acid, and gives the pyro- 
catechol reaction with ferric chloride. Its solutions immediate!) 
reduce an ammoniacal solution of silver nitrate in the cold, and u 
solution of copper acetate on heating. With, silver nitrate in concen- 
trated solutions, and with lead acetate in dilute solutions, it gives a 
copious white precipitate. Barium chloride gives no precipitate 
until the acid has been neutralised with ammonia, when a white 
precipitate is thrown down. Sodium hydroxide imparts a bright 
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yellow colour to an aqueous solution of the acid, which becomes pale 
pink or almost colourless on heating, the yellow colour reappearing 
as the liquid cools. The analysis of the purified acid gave results 
differing slightly from those already published. 

T. 0 1916 gave 0*3147 C 0 2 and 0*0727 HA C = 44*79 ; JEt = 4*21. 
II. 0 2245 „ 0*3704 0O 2 and 0*0815 H 2 0. O = 44*99 ; H = W. 

These analyses were made on different preparations of the acid. 
Mean of above results 0 = 44*89 ; H = 4*12 per cent. These num- 
bers agree better with the formula C 7 HA than with the formula 
CoHuA which we gave in our last paper. Theory for C 7 H 8 O fl , 0 =» 
44*68 per cent. ; H = 4*25 per cent. 

The lead salt, prepared by adding load acetate to an aqueous 
solution of the acid, was analysed with the following result. 

I. 0*2585 gave 0*2353 PbSO A . Pb = 62*16 per cent. 

This agrees fairly well with the analyses previously published, 
namely, 65*02 and 62*53 per cent. 

The silver salt was prepared by adding silver nitrate to a concen- 
trated aqueous solution of the acid. A white curdy precipitate, with 
a tendency to gelatinise, was obtained. It is somewhat soluble in 
water. Dried at 100°, it gave the following result. 

I. 0*1690 gave 0*0611 Ag. Ag = 36*15 per cent. 

If tbo formula given for the acid is correct, these results, as well as 
those previously published, agree best with the view that the acid is 
tribasie, or, at all events, contains throe replaceable atoms of hydro- 
gen. The percentage of silver found would then correspond with 
that required for the mono-silver salt, and the percentage of lead 
with that required for tho normal lead salt. 

Theory for 

(0 7 ir y 0 6 )Ag. Found. 

Ag 36*60 pex cent. 36*15 per cent. 

Theory for 

(CylI 6 O t ) 2 Pb 3 . Found. 

Pb* ........ * 62*66 per cent. 62*16 per cent. 

It is impossible, however, in the absence of further data, to deter- 
mine tho basicity of this acid satisfactorily. We have not succeeded 
in identifying corydalic acid with any of the known acids of tho 
formula CfBaOe- 

The mother liquors from which tho protooateehuic and coiydalic 
acids had been removed, yielded a small quantity of a nitrogenous acid 
of high melting point, when concentrated. On evaporating the mother 
liquor from this acid to dryness and heating the residue with soda, 
ammonia was given off in abundance. 
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Although, many points in the constitution of corydaline remain 
to be cleared up, the results which wo have obtained bring us nearei 
to a solution of the problem. As we pointed out in our last paper, 
the constitution of corydalinic acid is most easily explained on the 
assumption that it is a derivative of phenylpyridine containing four 
carboxyl groups and four metlioxy-groups. This view is now con- 
firmed, and definite information has been obtained, both as to the dis- 
tribution of the carboxyl and metlioxy-groups, and as to their arrange- 
ment relatively to one another. The formation of protocatochuic acid 
from corydalinic acid shows that the non-nitrogenous part of the 
latter acid has one carboxyl and two methoxy-groups attached to il, 
and that these groups occupy the positions [COOH : OH : OH = 
1:3:4]; whilst the occurrence of hemipinic acid amongst the oxida- 
tion products proves that the nitrogenous ring must be connected 
with the non-nitrogenous ling through the caihon atom occupying 
the position 2. 

COOH COOH 


Protocatechuic acid. Hemipinic acid. 


c/ — 

COOH 

Corydalinic acid. 

It follows that the nitrogenous nucleus of corydalinic acid contains 
two methoxy-groups. This conclusion is confirmed by the analysis 
of corydaldine, CalSHB^OOH^aO, which contains tlio niirogonourt 
nucleus of corydaline and also two methoxy-gioups. Although we 
have not yet determined the constitution of corydaldine, there can bo 
little doubt that it is an oxy-derivative of isoqamolino. Freund and 
Josephi (Annalrn, loc. cit.), from the analogies of corydaline to 
hydrohydrastinine, infer the existence of a rcducod isoquinoline group 
in corydaline. The oxidation of this group would account for two of 
the carhoxyl groups of corydalinic acid, whilst if wo accept the 
further suggestion of the same chemists that there is a methyl group 
attached to the nitrogen auom, the oxidation of this group would 
account for the fourth carboxyl group, and the constitutional formula 
of corydalinic acid would he that which is given above, tlio relative 
positions of the nitrogen atom and the methoxy-groups in the 
pyridine nucleus being still undetermined. 

It seems probable that corydalic acid results from tlio splitting up 
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of the nitrogenous portion of corydalinic acid ; the view expressed in 
oar last paper, that it is formed from the non-nitrogenous ring, 
being rendered untenable by the discovery of protocatechu ic acid 
amongst the decomposition products of corydalinic acid. So far as 
we are aware, the action of hydrogen iodide on the pyridinecarboxylic 
acids has not yet been studied, except in one or two cases; but it is 
well known that on reduction with sodium amalgam the nitrogen is 
eliminated as ammonia, non-nitrogenous acids being formed. In the 
case of corydalinic acid, it is certain that, at least, part of the nitrogen 
is eliminated as ammonia, and it is probable that corydalic acid 
represents the residue of that portion of the substance. 

Corydaline appears to be constituted similarly to papaverine, 
hydrastine, and narcotine, with this difference, that the benzene ring 
is nnitod directly with tlie quinoline nucleus, instead of through an 
intervening carbon atom. We are still engaged in this investigation, 
and expect soon to be in a position to publish further information 
with regard to those substances referred to in this paper which have 
not yet been completely examined, and to give the results obtained 
by other methods of experimenting. 

University College of Not th Wales, 

Bangor, 


HI . — The Alhdoiih of Corydalis cava — Corybulbiae . 

By Jambjs J. Dobhik, M.A., D.Sc., and Alexander Lauder. 

Cn a paper which appeared in the Berichte (25, 2411), Messrs. Freund 
and Josephi mentioned that they had obtained from tlio crude cory- 
daline supplied to them by Schochardt, of Oorlitz, a small quantity of 
an alkaloid melting at 205 — 207°, and soluble in caustic alkali. We 
supposed this alkaloid to be identical with that which we subsequently 
described under the name corytuborine (Trans., 1893, 63, 485), but 
wo find from a more recent paper by the same authors (Annalea, 277, 
1), that tlie alkaloid referred to by thorn was quite distiuct from 
corytuborine, which was therefore isolated as well as described for 
the first time by us. 

The quantity of material which Freund and Josephi had at their 
disposal was insufficient for more than a slight examination of the 
properties of the new alkaloid, to which they gave the name of 
coryhulhine, and they have, therefore, loft the fuller investigation of 
it in our hands. 

Corybulbine is obtained from Schnohardt’s crude corydalino by the 
following method. After the corydaline has been thoroughly ex- 
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hausted with boiliDg water to remove tlie corytuherino, the residue, 
•which consists of corydaline mixed with a small quantify of cory- 
bulbine, is repeatedly exhausted with hot alcohol, which easily 
removes the corydaline. The crude corybnlbine is i lien dissolved in 
a large quantity of boiling alcohol, from which it separates, on cool- 
ing, in the form of aline crystalline deposit, leaving the remainder of 
the corydaline in solution. The corybulbine obtained in Hi is way is 
collected, dried, and dissolved in hot dilute hydrochloric acid. The 
acid solution, on cooling, deposits tlie hydrochloride, which, after re- 
crystallisation, is dissolved in boiling water with the aid of a little 
hydrochloric acid, and ibe corybnlbine, precipitated from this solution 
by the addition of ammonia, is finally crystallised from alcohol* This 
method of preparation affords an excellent moans of separating 
corybnlbine from the last traces of corydaline, the hydrochloride 
of which is much more easily soluble in water than that of the now 
alkaloid. 

Corybnlbine may also he prepared from the crude material, after 
freeing it from corytnberinc, by dissolving it in hydrochloric acid, 
and precipitating the corydaline with excess of a solution of sodium 
hydroxide; the filtrate from the corydaline, when saturated with 
carbon dioxide, deposits the corybnlbine. 

Corybnlbine is soluble in boiling alcohol, from which it separates, 
on cooling, as a fine crystalline powder. It is practically insoluble in 
water, and nearly so in ether; it is sparingly soluble in boiling 
methylic alcohol, readily in carbon bisulphide, chloroform, and hot 
benzene. It is distinguished from corydaline and eorytuberine, as 
well as from the bases described by Freund and Josephi (Annafan,, 
277, 1) by its greater insolubility in alcohol. An alcoholic solution 
of the alkaloid rapidly reduces a solution of silver nitrate when heated 
with it. Corybulbine begins to soften at 210°, but does not melt till 
heated to 238 — 240°. Freund and Josephi state that the alkaloid 
softens at about 200°, and decomposes at 207 — 208°, but they some- 
times found the melting point some degrees higher. A solution of the 
alkaloid in chloroform is dextrorotatory. 

We have not succeeded as yet in obtaining crystals of corybulbine 
sufficiently large to allow of our describing their form. All the 
specimens we have examined have been pale-yellow, but wo arc 
unable to state positively whether or not the colour is a property of 
the substance, or is due to slight decomposition, as in the case of 
corydaline. 

The following are the results of the analysis of the alkaloid, purified 
by repeated recrystallisation from alcohol, and dried at 100°. 
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I. 0-21G7 gave 0*1382 H 2 0. H = 7*08. 

U. 0*2683 „ 0*7023 00, and 0*1732 H,0. 0 = 71*38 ; H = 7*17. 

III. 0*2214 „ 0*3788 CO, and 0*1516 H, 0. C = 71*29 : H = 7*60. 

IT. 0*3211 „ 0*0891 Pt. 1ST = 4*00 per cent. 

V. 0*2993 „ 0*0849 Pt. 1ST = 4*00 

Mean of tlie above analyses : — C = 71*33 ; H = 7*28 ; 1ST = 4*04 
per cent. These numbers lead to the formula C 21 H 25 NOi, which 
requires C = 70*99. H = 7*04, K = 3*94 per cent. 

Corybulbine forms easily crystallisable salts with hydrochloric acid 
and sulphuric acid. 

Corybulbine Hycb ocIlIoq idc. — This salt is prepared by dissolving 
the alkaloid in hot hydrochloric acid, from which it separates, on 
cooling, in clusters of thick, prismatic crystals, lb requires a large 
quantity of boiling water for solution, but this is greatly facilitated 
by the addition of a little hydrochloric acid. The salt contains no 
water of crystallisation. It was dried at 100°, and a complete analysis 
of it made, to servo as a check on the analysis of the alkaloid. 

I. 0*2432 gave 0*5756 CO, and 0*153G H s O. C as 64*55 ; H = 7*01. 

II. 0*2880 „ 0*9736 Pt. N = 3*68 per cent. 

III. 0*2891 „ 0*1071 AgCl. Cl = 9*15 „ 

IV. 0*2679 „ 0*1011 AgCl. Cl =. 9*33 „ 

V. 0*2052 „ 0*0769 AjrCl. Cl = 9*26 „ 

C 21 H s 6 N0 4 ,HC1 requires C = 64*36; H = 6*64; 1ST = 3*57; Cl as 

9*07 per cent. 

The addition of a solution of potassium iodide to a solution of the 
hydrochloride in water, produces a pale yellow precipitate of the 
hydriodide, which is insoluble in cold, but readily soluble in hot 
water. 

Corybulbine Sulphate. — The acid sulphate is obtained by dissolving 
the alkaloid in hot dilute sulphuric acid. When the solution is 
allowed to cool slowly, long, prismatic, colourless crystals separate ; 
it contains no water of crystallisation. It is somewhat more easily 
soluble in hot water than tho hydrochloride, it was dried at 100 °, 
and gave tho following results on analysis. 

I. 0*3517 gave 0*1763 BaSO* S = 6 * 88 . 

II. 0*3494 „ 0*1775 BaSO*. S = 6*98. 

C 2 iH 26 N 04 ,H, 80 4 requires R = 7*06 per cent. 

Corybulbine Platinochlonde. — The platinochloride is obtained by 
adding a solution of hydrogen platinochloride to a solution of cory- 
bulbine hydrochloride in water. It is a pale yellow substance slightly 
soluble in water. It was dried at 100°, and gave the following results 
on analysis. 



28 


DOBBIE AND LAUDER: THE ALKALOIDS 


T. 0*2578 gave 0*0441 Pt. Pi = 17*10. 

LI. 0*3257 „ 0*0560 Pi. Pi = 17*19. 

III. 0*4445 „ 0*0771 Pt. Pt = 17*34. 

These analyses wore made on different preparations of 1 ho salt, 
mean Pt = 17*21 per cent. ( OJ 2 ,H 2 Pt Cl 6 requires Pi = 
17*41 per cent. 

When a solution of gold chloride is added to a solution of <*ory- 
hulbine hydrochloride in water, a fiocculent, ovangc-colourcd precipi- 
tate is obtained, but as this salt is readily decomposed wo did not 
attempt to analyse it. 

Corybulbine Methiodide . — This compound is prepared by digesting 
the alkaloid with a mixture of absolute alcohol and methylic iodide, 
for several hours, in a flask having a reflux condenser attached to it. 
On evaporating the solution, the methiodide crystallises out in 
clusters of large, yellow, prismatic crystals, which were purified by 
recrystallisation from alcohol. After being dried at 100°, the iodine 
was determined with the following results. 

L 0*2862 gave 0*1327 Agl. I = 25*05. 

II. 0*2590 „ 0*1214 Agl. I = 25*33. 

C 31 H 25 N0 1 -CH 3 I requires 25*55 per cent. I. 

Action of Hydrogen Iodide on Oorybnlbine . — When corybulbine is 
treated with a concentrated solution of hydrogen iodide (sp. gi\ 1*7), 
methylic iodide distils over, and a yellow, crystalline compound sepa- 
rates from the liquid remaining in the flask. The methoxy-groups 
were determined by Zeisel’s method with the following result. 

I- 0*2091 gave 0*4032 Agl ; 25*46 per cent. OCH 3 . 

Three methoxy-groups in CaiH^NO* require OCH a = 26*19 per cent. 

Corybulbine is the fifth alkaloid which has now been separated 
from the tubers of Ooiydalis cava* 

Bnlbocapnine, C 10 HigNOi. 

Corycuvin, O^HjuNOe. 

Corydaline, O^HaoNO^ 

Corytuberine, CioH^NO*. 

Corybulbine, CnHjcNO*. 

In addition to the alkaloids here enumerated, an amorphous sub- 
stance of low melting point (05—75°) is mentioned by Frouud and 
Josephi as having been obtained by Merck from the roots of OonjdaUs 
cava, hut as it is doubtful whether it is homogeneous, wo have 
omitted it from our list. 

In their first paper on the alkaloids of Ooiydalis cava, Freund and 
Josephi gave the formula C^H^O, for bnlbocapnine (Her., 25, 2 J-12), 
but they have since altered it to CViHhITOi. Although several of the 
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alkaloids mentioned above approach, each other very closely in com- 
position, they aro easily distinguished by tlioir react ions and by their 
behaviour when treated with hydrogen iodide. Tims, coiytubcrinc 
alone is soluble in warm water; corybulbin, bnlboeapniiu*, and cory- 
tuberine are all soluble in sodium hydroxide, whilst corydaline and 
corycavine are insoluble iu both these soivouts. The two last men- 
tioned alkaloids are distinguished from ono another by the mnch 
greater solubility of the former in alcohol. Although there is a 
larger number of oxygen atoms in corycavine than in any other of these 
alkaloids, it does not contain any metlioxy- groups. Of the remaining 
alkaloids, all of which contain four oxygen atoms, bulbocupuino has 
one, corytuberine two, corybulbine three, and corydaline four meth- 
oxy-groups, In a note to their paper in the Annalen, Freund and 
Josephi suggest that corytuberine may bo identical with tho cory- 
dalinnobiline obtained by Birsmann from Coiydalis nob ilia (hinny, 
Disser Dorpat, 1892). A careful comparison of our results with 
those of Birsmann does not bear out this suggehtion, tho analysis, as 
well as the properties of the substance described by hiui, differing 
considerably from those of corytuberine ; as, however, the quantity of 
material which Birsmann had at his disposal was insufficient for a 
thorough examination of bis alkaloid, ic is impossible to institute a 
perfectly satisfactory comparison between the two substances. H‘ 
Birsmann really had corytuberine in hand, he could hardly liavo over- 
looked the powerful fluorescence of its aqueous solution 

We subjoin a synopsis of some of the properties of tlioso alkaloids 
of Corydalis cava which have been most carefully examined. 

University College of North Wales, 

Bangor . 


IV - — The Yellow Colouring MatUvi' of Sophora japonica* 

By Edward Schunck, Ph.D., VJt.H. 

The undeveloped flower-buds of Sophora japonica, a leguminous plant 
growing in the north of China, contain a yellow colouring matter, 
which has been examined several times without any definite con- 
clusion as to its nature Laving been arrived at. Stoin («/. pr. them., 
58, 399 ; 85, 351; 88, 280), as well as Spiess and Sostmann (Arch. 
Pharm., 122, 75), considered it to be identical with Rutin, the colour- 
ing matter contained in garden rue, buckwheat, and other plants. 
The subject was subsequently investigated by Foerster (Ber., 15 
214), whose experiments seemed to show that the colouring mattm 
of the Sophora buds was a peculiar substance, to which ho accord- 
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Agly gave the name of Sophorin. I think, however, that I shall he 
able to prove that the older view is the correct one, and that Sophorin 
is indeed indent ical with Rutin. 

The greater part of the material employed in my experiments, I 
owe to the kindness of Mr. James Buchanan, of Shanghai. Mr. 
^hiselton Dyer, Director of the Royal Gardens, K!ew, supplied me 

th another portion, ibis having been obtained from plants grown in 
ttfe open air at Kew. To these gentlemen I return my best thanks. 

The yellow colouring matter of the Soplwra flower-buds was ob- 
tained by simple extraction with boiling water, from which it crys- 
tallises in fine needles on cooling. It was purified by recrystallisa- 
tion from boiling water, and had then the appearance and showed the 
reactions of Rutin as obtained from rue and other plants. Its pale, 
greenish-yellow colour, so different from the bright, lemon-yellow of 
qucrcitrin, is quite characteristic. 

It dissolves in 190 parts of boiling water, it is easily soluble in 
alcohol, but insoluble in ether, chloroform, benzene, and carbon bi- 
sulphide. It dissolves in alkalis, giving bright, yellow solutions. The 
barium, calcium, lead, and tin compounds aro yellow lakes. Analysis 
of the substance dried at 140° gave the following i*esults. 

0 1844 gave 0*3561 C0 2 , 0*0830 H a O. C == 52*67 ; II = 5*00. 

These numbers agree with those previously obtained in the analysis 
of rutin from buckwheat leaves, which were as follows. 


G 52*40 per cent. 52*55 per cent. 

H 5*28 „ 5*49 


CtfHaiOjt roquires 0 = 52*97 ; H = 5*22 per cent. 

When a watery solution of the substance to which sulphuric acid 
has been added is boiled for some time, it is decomposed ; pale yellow, 
crystalline needles are deposited, and the liquid becomes almost 
colourless. The product insoluble in water, which Foorster calls 
“ sophoretin,” has the properties and composition of quercetin. After 
being purified by rceryslallisation and dined at 130°, its analysis 
yielded the following results* 

0*4466 gave 0*9720 CO a and 0*1440 H 2 0. 0 = 59*33; H » 3*59. 

The formula Ci 6 H w 0 7 , which, according to Herzig (Monahh., 12 , 
172 and 177 ; 14, 39 and 53), is the correct formula for quercetin, 
requires C ~ 59*60; H = 3 31 per cent. 

The acetyl derivative of the substance, prepared in the "usual 
manner, was found to have a melting point of 195°, and gave on 
analysis, 


Acetylsophoretin (Foersfcer). 

0 58*32 per cent. 58*53 per cent. 

H 4*16 „ 4*38 
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Assuming it to be a pentacetyl compound, it should contain C s= 
58-47 ; H = 4-00 per cent. On treatment with diluio sulplitu it* acid, 
this acetyl derivative yielded 58*70 per cent, of regenerated substance ; 
calculation requires 58*80 per cent, 

The substance gave a crystallised bromine derivative, which was 
found to contain 34*54 per cent, bromine, calculation requiring 
Br = 34*77 per cent, for the formula C ]6 H 8 Br/) 7 . 

The filtrate from the product of decomposition of the colouring 
matter with sulphuric acid, after removal of the acid and evaporating, 
yields a crystallised sugar having all the properties of rhamnosc. The 
decomposition of the substance would, therefore, he represented by 
the following equation. 

C-nHajOw + 3H a O = CijHioOt + ^CoHj^Oo. 

That is, it yields 1 mol. of quercetin and 2 mols. of rhamnose, quer- 
citrin yielding 1 mol. of quercetin and 1 mol. of rhamnosc. The 
quantity of quercetin which it should give in accordance with the 
above equation is 49*34 per cent. Two separate determinations gave 
49*07 and 49*56 per cent, respectively. 

Hence it appears that sophorin and rutin are, in fact, identical, and 
the former name may, therefore, be removed from the list of organic 
colouring matters. 


V . — Interaction of 1 : 2 -Diketones with Primary Amine a 
of the General Fomiula , R'-CH 2 *NH 3 . 

By Frakcis R. Japp, F.R.S., and W. B. Dvmosom, M.A., B.Sc. 

Innoimoiii) 

Thl action of parafiiuoid amines on 1 : 2-diketones appears io have 
been very little studied. Zineke and ILof (Bn*., 12, KM4), by heat- 
ing pbenanthraquinone with methyl amine, obtained a base to which 
they assigned the formula OuH^N'CHi)*, together with another 
compound, the composition of which they could not dotormino with 
certainty, Henius (Awnimiakderimle des Bmsilx, Marburg, 1881), 
desirous of studying the analogous interaction with bonzil, boated 
that substance with methylamine, but obtained only a resinous 
product. 

We shall show in the present paper that Zineke and Hof’s base has 
not the foregoing composition. We have not repeated Henius’s ex- 
periment with benzil and methylamine ; but wo find that benzil and 
ethylamine, under suitable conditions, readily yield a crystallised 
product. 
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We first, however, investigated the interaction of benzil and 
benzylamine. When these two substances were heated together at 
100°, a product was obtained from which we could isolate tetra- 
phenylazinej (m. p. 246°), and a feebly basic compound 

melting at 164° and having the formula : the latter sub- 

stance being formed according to the equation, 

Ci4H 10 O,j + 2C6ff5*CJH3 , NH3 “ OgsH^lSTs 4- 2H 2 0 -f* H a . 

When zinc chloride was added to the mixture of benzil and 
benzylamine before heating, the same two compounds were obtained, 
but, in addition, a chloride of the formula CasHogNgCl (m. p, 253°), 
formed according to the equation, 

20 1 iH 10 O a + 6C,H fi -CH3-NH 2 + ZnCl 2 = 20^^01 + 

2NH, + Zn(OE) 2 + 2H 2 0 + 2H S . 

As the difference between the formula of the chloride, C^H^NoCl, 
and that of the base, CUn^Ng, is C7H 7 C1, which might represent a 
molecule of benzylic chloride, we heated the base with benzylic 
chloride, and found that these two substances readily united to form 
the chloride The base was therefore a tertiary amine, 

and the chloride was a quaternary chloride. 

Suspecting that these two compounds were benzyl-derivatives of 
lophine, we next heated lophine with benzylic chloride. Both com- 
pounds were formed in this interaction. The base CaaHgahTi is there- 
fore benzyllophine, fj and the chloride, 

t/jJlj'v * JN 

CasH^NgC!, is dibenzyllophoninm chloride , 



the latter corresponding wiih Kuhn’s diethyllophonium iodide.* 

When a mixture of benzil and benzylamine is dissolved in ether, 
and allowed to stand at tho ordinary temperature, drops of water 
speedily separate, and, on allowing tho other to evaporate spon- 
taneously, a gummy, uncrystallisable mass remains, which is prob- 
ably the first stage in tho condensation of benzil with benzylamine 
since, on heating at 100°, it yields benzyllophine. The change, 

/CH/CelL 

<W'5»<WfO* _ ‘ ' „ 

CA-O-S-OEyCS, ~ OJ3.-0-K^ t,,H * + “* 

is not without analogy. Thus, as Wallach has shown, the imido- 
chloride obtained by the action of phosphorus pentachloride on 

# Galled by Kuhn “ (liofchyUophiuium iodide 5 ” but we adopt Victor Meyer’s 
suggestion (2to\, 27, 50 5) that tlxo names of all quaternary ammonium compounds 
•and their analogues should eud in w onium.” 

VOL. LXV1I. D 



34 


JAPP AND DAVIDSON: INTERACTION OF 


cliethyloxamide parts ■with hydrochloric acid yielding a base, chlor- 
oxalethyline, which, as was pointed out by one of us ( Ber 15, 2420), 


has the constitution of 
rivative, 


chlorinated glyoxaline (imidazole) do- 


CClIN-CHs-CH* „ - . 

iousr-OHs-CHj doi-N^ ,0 ‘ CHj + H0 ’ 

the position of the chlorine atom in the imidazole being uncertain . * 
A gnlrij fn the case of the condensation products of ortliodiammos 
with aldehydes, discovered by Ladenburg, the constitution of which 
was first explained by Hinsberg (Ber., 19, 2025), an analogous 
tr ansfo rmation occurs. Thus orthodiamidobenzene and benzaldchyde 


CH-N 


./CHj’CIli 


+ HOI, 


yield, instead of 


f N;CH-C 6 H- 5 

n-ch-c.h..’ 


the tertiary imidazole 


/Sw/ 


,CH a -C 6 II., 


I i i, \ 

I \y-°n 
\/ y 

Tn order to ascertain whether the action of purely paraffinoid 
amines with benzil resembled that of benzylamine, wo heated benzil 
with ethylamine and obtained N’-ethyldiphenyl-/t-methyl-imidazolf, 
/CH^CHs 

CeH^C^X p . The quaternary chloride was also formed, but 


CeHft-C-^X p . The quaternary chloride was also formed, but 

CeHs-c-sr H 

we did not succeed in isolating it in a state of purity. The constitu- 
tion of the tertiary imidazole was proved by synthesising the com- 
pound from Japp and Wynne’s diphenyl-/i-meiliyl-imidazole and 
ethylic iodide. It was also proved to be a tertiary amine by combining 
it directly with ethylic iodide. 

As the results obtained by Zincke and Hof (lor. cit .) in studying 
the action of methylamine on pbenanthraquimme differed from those 
which we had arrived at with benzil, wo repeated tboir work. Wo 
bad no difficulty in preparing the base described by them, bn! found 
that it gave, on analysis, figures pointing to tbo formula Oi*IIi«N'j, 
instead of OieH w lSr 8 , as adopted by them. (No analyses arc given by 
Zincke and Hof in the paper referred to.) The interaction with 
phenanthraquinone is, therefore, analogous to that with benzil, and 
the compound is, in all probability, N- metliyl-diphen ylene~m idazolr, 

yCH 

1*5*'?? + 2CH S -NH S = _i_ ow n w 


C.H.-CO 


6 6 h 4 *o-n^ ch + + Ha - 


* In the original of the passage quoted, cliloroxalinethyli no is employed as an 
illustration, but the argument is of course identical. 
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An attempt to synthesise diphenylene-imidazole by the interaction 
oE phenanthraquinone, formaldehyde, and ammonia, in order to pre- 
pare from it the foregoing compound, led to no result. 

Phenanthraquinone and benzylamine give a different interaction, 
forming diphenylene-/*-phenyl-oxazole according to the equation 

KX + °®- 0H -' HH -= + H -° + 

At the same time, a sparingly soluble compound crystallising in 
bronze-coloured, microscopic, rectangular prisms is obtained, the 
exact composition of which we were unable to ascertain. 

Diphenylene-/i-phenyl-oxazole was originally prepared by Japp and 
Wilcock (Trans., 1880, 37, 668) by the interaction of phenanthra- 
quinone, benzaldehydo, and ammonia, and named by them bonzemjl- 
amidojpJienanthrole. 


Experimental Part. 

1. Benzil and Benzylamine. 

The interaction of these two compounds was studied both with and 
without the addition of zinc chloride. We shall describe only the 
former method, as it gave the better result and furnished, moreover, 
a compound which was not otherwise obtained. 

40 grams of benzil, mixed with 16 grams of powdered zinc chlo- 
ride, were introduced into a flask, and 40 grams of benzylamine were 
added. The mixture became dark red, and considerable heat was 
evolved, due to the combination of the benzylamine with the zinc 
chloride. The flask was then heated at 100° for 40 hours, immeraing 
it up to the neck in the water bath, as otherwise an oquable heating 
of the pasty contents could not be effected. There was considerable 
frothing, ammonia being evolved daring the process, and the colour 
of the mixture gradually changed from red to yellow. The product 
was then digested with boiling alcohol which dissolved everything 
except a whito pulverulent substance ; this proved to be a mixture of 
zinc hydroxide with a little tetraphenylazine. Acetic acid was then 
added in quantity sufficient nearly to clear the liquid ; the still un- 
dissolved particles could then bo seen to consist of slender needles; 
they were separated by filtration and identified as tetraphenylazine 
(ditolaneazotide), O^HaoN®, by their crystalline form, their melting 
point (247*5°), and the bright red coloration which they gave with 
concentrated sulphuric acid. The quantity obtained was 1*5 grams. 

The formation of this compound may he readily accounted for. 
The other actions, occurring simultaneously (see Introduction), 
involve the elimination of hydx*ogen and ammonia; the former re- 

d 2 
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duces a portion of the benzil to benzoin, the latter converts the 
benzoin into tetraphenylazine (compare Japp and Wilson, Trans., 
1886,49,829). 

The alcoholic filtrate from the tetraphenylazine was concentrated 
by boiling, and then mixed with abont four times its volume of other. 
On standing, the liquid deposited lustrous crystals, of octahedral 
habit, whilst a substance, crystallising in square plates (see later), 
remained in the mother liquor. (If, as occasionally happened, some 
of these plates separated along with the octahedra, they could readily 
be removed by boiling the mixture of crystals with benzene, in which 
they dissolve readily, whilst the octahedra are quite insoluble.) The 
octahedra effloresced rapidly when exposed to air, and smelt strongly 
of ether; they contained ether of crystallisation. Freed from the 
ether, they melted at 248°. They contained both zinc and chlorine. 
The analyses, given later, showed that the compound was a double 
chloride of zinc and an organic base. The yield in the experiment 
here described was 17 grams. 

A quantity of the octahedral crystals was dissolved in boiling 
alcohol, and the zinc was precipitated by the addition of aqueous 
sodium carbonate. The excess of sodium carbonate and the sodium 
chloride formed were thus mostly precipitated along with the zinc. 
The filtered and concentrated liquid deposited colourless, prismatic 
crystals, melting, when rapidly heated, at 253°. They were insoluble 
in water and in benzene, readily soluble in boiling alcohol. When 
treated with concentrated sulphuric acid, they evolved hydrochloiic 
acid. A solution in alcohol gave, with silver nitrate, a precipitate of 
silver chloride. The chlorine is not removed by ammonia, although, 
as we shall show later, heating the compound with alcoholic caustic 
potash displaces the chlorine by hydroxyl. The substance, which is 
the chloride of a quaternary base, was purified by recrystallisation 
from alcohol and dried over sulphuric acid, as it decomposes slowly 
at a temperature slightly above 100°. It does not contain solvent of 
crystallisation. Analysis gave figures agreeing with the formula 

CtfHjfflNgCL 

0*1590 gave 0*4770 CO a and 0*0823 H/), 0 = 81*82 ; H = 5*75. 

0*1340 „ 0*4010 C0 3 „ 0*0700 H a O. 0 = 81*61 ; H = 5*80. 

0*2672 „ 12*4 c.c. moist nitrogen at 10° and 746*5 mm* N ss 5*46 

0*8714 „ 0*2521 AgOl. Cl = 7*18. 

C*H»N a Cl requires C = 81*95 ; H = 5*66 ; N = 5*46; Cl = 6*93 p. c. 

Two other methods were employed in isolating the quaternary 
chloride from the zinc double compound. In one of these the lattor 
compound was dissolved in hot alcohol and the zinc precipitated with 
ammonium sulphide; the filtered solution, after concentration, de- 
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posited the quaternary chloride. In tho other, sodium acetate was 
added to the hot alcoholic solution, which was then diluted with 
water ; the quaternary chloride slowly separated in a crystalline form, 
the zinc remaining in solution as acetate. Precipitation with sodium 
carbonate was found, however, to give the best results. 

An alcoholic solution of the quaternary chloride gave, on addition 
of platinic chloride, also dissolved in alcohol, an orange-coloured, 
crystalline precipitate of the platinum salt. Under the microscope, 
the crystals were seen to consist of prisms terminated by pyramids. 
Sometimes these prisms were single, sometimes two were grouped 
into a right-angled cross, sometimes a third prism intersected the 
cross at light angles to its plane, forming a figure like the axes in the 
cubical system. We describe these forms thus particularly, inasmuch 
as wo afterwards employed this salt in identifying the quaternary 
chloride. As the salt decomposes slowly at 80°, tho air-dried sub- 
stance was used for analysis. 

1-2620 gave 0*1795 Pt. Pt = 14*22. 

(CsoHOT^Cl^PtCl* requires Pt = 14*29 per cent. 

By bringing together the chloride, OseH^NTaCl, with zinc chloride 
in alcoholic solution, the zinc double compound could be regenerated. 
Prom alcohol, the double compound was deposited in well-formed 
crystals, without solvent of crystallisation. Although decomposed, 
as already mentioned, by sodium acetate, it can be recrystallised 
from glacial acetic acid without change. 

A full analysis of the zinc double compound, as obtained in the 
original interaction, was made before its true nature had been ascer- 
tained, and before the organic chloride had been isolated from it. 
The substance was dried at 100°, so as to expel tho ether of crystal- 
lisation. Of the various determinations, the carbon alono is not 
concordant, possibly owing to a difficulty in burning tho substance ; 
but the analysis was not ropeatod, as the quaternary chloride itself 
had meanwhile been obtained and analysed. 

0*2494 gave 0-6544 OO, and 0*1150 H a O. 0 = 71-56 ; H = 5*12. 
0*3005 „ 13-2 c.c. moist nitrogen at 10° and 728*5 mm. ST = 5*04. 
6*2180 „ 0*4480 ZnO. Zn = 5*78. 

1-1223 „ 0-5501 AgOl. 01 = 12*22. 

(O w H 30 M)aZnOl 2 requires 0 = 72*36; H = 4*99; TS = 4*82; 
Zn = 5*60 ; 01 = 12*23 per cent. 

The determination of the ether of crystallisation in the crystallised 
compound was a matter of some difficulty, owing to the rapidity with 
which the substance effloresced, and also owing to the fact that, 
occasionally, clear crystals, without solvent of crystallisation, were 
found among those which had been used for the determination, tbp 
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latter form being, as already stated, that in which tho double com- 
pound is deposited from alcohol without the addition of other. Tho 
best result— only approximate, however — was obtained by taking for 
the determination a considerable weight (over 1G grams) of the sub- 
stance deposited from alcohol on the addition of ether, avoiding the 
presence of small crystals, which were removed by sifting through 
coarse wire gauze, alter the whole had been quickly dried on filter 
paper. The salt lost, on heating at 100°, 14*59 per cent., whilst the 
formula (C&HagKaCl^ZnChjSfCaHs^O requires 16*05 per cent. As 
the crystals had been deposited from a mixture of alcohol and ether, 
it was necessary to prove that the solvent of crystallisation consisted 
of ether only. Fox* this purpose, some of the crystals, air-dried for a 
short time, were introduced into a distilling flask and the solvent of 
crystallisation distilled oft on the water bath. The boiling point of 
the distillate was determined by Chapman Jones’s method, from the 
vapour tension, and found to be 35°. 

The ethereal-alcoholic mother liquor, containing those products of 
the original interaction which remained after the removal of the zinc 
doable salt, was freed from its ether by distillation. The resulting 
alcoholic solution deposited, on long standing, yellow, square plates 
of a new compound, mixed, however, with needles of tetraphenyl- 
azine ; the latter were removed by levigation. By recrystallising the 
square plates from benzene, in which they were readily soluble, and 
afterwards from alcohol, they were obtained colourless, and melted 
constantly at 165°. The substance is dimorphous ; from concentrated 
solutions, it separates in slender needles ; from dilute solutions, in 
square plates, as above ; the presence of impurity appears to favour 
aystallisation in the latter form. Either form can be readily con- 
verted, by reciystallisation, into the other. The yield was about 
20 grams. Analysis of the square plates dried at 100 6 gave figures 
agreeing with the formula CgaHgsRTs. 

0*1358 gave 0*4325 C0 3 and 0*0709 H 2 0. C = 86*86 ; H ta 5*80. 

0*1362 „ 0*4338 CO* „ 0*0722 H a O. C = 86*86; H s* 5*89, 

0*1912 „ 11*90 c.c. moist nitrogen at 11° and 739 mm. Bf = 7*21 . 

0*1920 „ 12*13,, „ „ 11*5° and 732*5 mm. ST =7-81. 

requires C = 87*05 ; H s= 5*70 ; ST = 7*25 per cent. 

The compound is insoluble in aqueous acids, but it nevertheless 
acts as a weak monacid base, forming a platmichloride. The latter 
is slowly deposited in large, lustrous, orange-coloured, oblique prisms, 
containing 3 mols. of alcohol of crystallisation, when concentrated 
solutions of the base and of platinic chloride (HgPtCJe) in absolute 
alcohol are mixed and allowed to stand. The crystals effloresced 
when exposed to the air. For analysis, they were air-driod for a 
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short time. The figures for alcohol of crystallisation were not very 
concordant. 

r0882 (containing alcohol) lost, at 95°, O’ 1250. OJLf/OH == 11*49. 

(C 28 H 88 lir 3 ) a H a Pt01«,30 2 H 6 -0H requires CjH/OH = 10*46 per cent. 

0 9632 (freed from alcohol) gave 0*1592 Pt. Pt = 16*53. 

(CaH^a^HaPtCle requires Pt = 16*50 per cent. 

The composition of this salt confirms the molecular formula, 
CjssHoaN’i, for the base. 

Conversion of the Base, C^Ho 2 N 2 , into the Quaternary Chloride, 
CssHgqNTaCl. — 4 grams of the base were boiled for an hour with 
8 grams of benzylic chloride in a flask fitted with a reflux condensing 
tube. During the process, a solid substance separated in acicular 
crystals. The product was digested with ether ; the insoluble por- 
tion was separated by filtration, washed with ether, and dissolved in 
boiling alcohol. The alcoholic solution deposited crystals identical 
in form with those of the quaternary chloride, C«H 29 N 3 C1, mixed, 
however, with some of the unaltered compound, C 38 H 23 N’ 3 ; the latter 
substance was removed by boiling the mixture of crystals with 
benzene. The portion insoluble in benzene was purified by recrystal- 
lisation from alcohol until it showed the constant melting point of 
253°. It was indistinguishable in appearance from the quaternary 
chloride obtained from benzil, bonzylamine, and zinc chloride. In 
alcoholic solution, it gave a precipitate of silver chloride on the 
addition of alcoholic silver nitrate. A nitrogen determination con- 
firmed the identity of the two substances. 

0*3190 gave 14*7 c.c. moist nitrogen at 10° and 755 mm. N = 5*48* 
C^H^Cl requires NT = 5*46 per cent. 

In addition, the platinum salt was prepared. It exhibited, under 
tlie microscope, the characteristic forms already described. 

Synthesis of the Compounds CjbJIJCT® and C 3 >H 3 oN 3 C1 from, Lophine . 
— 10 grams of lophine wore boiled for an hour with 20 grams of ben- 
zylic chloride. Hydrochloric acid was evolved during the process. 
The product, which consisted of a crystalline mass saturated with ex- 
cess of benzylic chloride, was washed several times with ether, 
uniting the ethereal washings. The crystalline portion was then 
recrystallised from alcohol until it melted constantly at 253°. It had 
all the properties of the quaternary chloride, CssHgaNaCl, gave a pre- 
cipitate with silver nitrate, and yielded the characteristic platinum 
salt. Nitrogen was determined with the following result. 

0*2724 gave 12*8 c.c. moist nitrogen at 8° and 739*5 mm. N = 5*51. 

CjiHiiNsG] requires N = 5*46 per cent. 

The ethereal washings were then heated to expo! the ether, after 
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which the excess of benzylic chloride was distilled off at 100' under 
reduced pressure. The residue, which was brown and crystalline, 
was dissolved in boiling alcohol. The solution deposited the two 
forms of the compound square plates and needles. Tho 

melting point was found to be 164*5° instead of 166°, A nitrogen 
determination, made with the square plates, gave figures agreeing' 
with the expected formula. 

0*2395 gave 15*3 c.c. moist nitrogen at 6° and 739*5 mm. N = 7*57. 

C 26 H 22 N 2 requires N = 7*25 per cent. 

The quantity of this compound obtained was very small, as, when 
formed, it is mostly converted into the quaternary chloride. 

The two compounds are, therefore, benzyl derivatives of lophiue 

^triphenylimidazole),^ 6 ^ 6 ^ ^^C*C fl H 5 , the base, C 2 bH w K 2 , being 

benzyllophmet and the chloride, C^Ha^Cl, dihenzyllophonium cJilut idt> 9 
as formulated in the Introduction to this paper. 

Bibenzylloyhonium Hydroxide. — 8 grams of dibenzyllophonium 
chloride were dissolved in hot alcohol, 24 grams of powdered caustic 
potash were added, and the whole was digested on the wator bath for 
40 hours.* During the process potassium chloride separated. The 
alcohol was then driven off, and the residue treated with water, which 
dissolved everything except a brown substance. This was separated, 
first digested with a little alcohol, which removed most of the brown 
colour, and then dissolved in boiling alcohol. It separated in yellow 
square plates, which were purified by recrystallisation from boiling 
alcohol until they melted constantly at 170°. The substance is but 
sparingly soluble in alcohol, even at the boiling point of the solvent ; 
readily, however, in boiling benzene, separating from it, on cooling, 
in forms identical with those obtained from alcohol, but always con- 
taminated with pale brown needles of another substance (see later), 
so that benzene cannot be employed in its purification. The yellow 
colour is not removed by recrystallisation, or by treatment with 
animal charcoal. Analysis showed that the substance had tho com- 
position of dibenzyUophowium hydroxide^ 

£>C-C k H, 

0*1513 gave 0*4715 CO s and 0*0852 H a O. C = 84*99 ; H = 6*2 0. 

0*2517 „ 11*9 c.c. moist nitrogen at 6° and 768*5 mm. ST = 5*82. 
CtfHaoNsO requires O = 85*02 ; H = 6*07 ; H = 5*67 per cent. 

* This long heating was possibly unnecessary, and, owing to the busceplibility 
of dibemsyUophonium hydroxide to aerial oxidation (sec later), may even have 
diminished the yield. 


CaHs-C'N v (OH) (C7H7 

CeHs-ft 
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On dissolving the substance in alcoholic hydrochloric acid, the 
yellow colour disappeared, and the solution deposited colourless 
crystals which, by their form, melting point, and the characteristic 
platinum salt which they yielded, were identified as dibenzyllophonium 
chloride . 

Benzoates of Bibenzylloplwnmm, — We have already mentioned that 
when dibenzyllophonium hydroxide is recrystallised from benzene, 
the solution deposits, along with the yellow, square plates of the 
hydroxide, pale brown needles of a different compound. Imagining 
that this was an impurity, we separated mechanically the crystals of 
the hydroxide, and redissolved them in benzene ; but again the solu- 
tion deposited a mixture of the two kinds ; indeed, we found that, by 
repeatedly recrystallising the hydroxide from benzene, it could be 
completely transformed into the needles. The solubility of the latter 
was exactly the reverse of that of the hydroxide ; they were spar- 
ingly soluble in benzene and readily in alcohol ; for this reason, when 
alcohol was used in recrystallising the hydroxide, their presence was 
not perceived. 

By recrystallising the needle-shaped compound from benzene, we 
obtained it almost colourless* It molted at 175*5°. Analysis gave 
figures agreeing with the formula 

0*1708 gave 0*5111 CO* and 0*0880 H* O. 0 = 81*61 ; H = 5*72. 
0*1286 „ 0*3855 CO* and 0*0647 H 3 0. C s 81*75; H = 5*59. 

0*2547 „ 8*5 c.c. moist nitrogen at 7*5° and 759*5 mm. N = 4*04. 

CioB^o^TgOi requires C = 81*67 ; II = 5*56 ; BT s= 3*89 per cent. 


This would be the composition of a dibenzyllophonium dibenzoate of 

lh. tad. W ^(0-00- c .H.XO,H,^ >0 . Wi , (w , coog , 

formed from the hydroxide and benzoic acid according to the 
equation 


CUBU7.-OH + 2O fl H 0 *COOH = O&JSJOi + H*0. 

In order to test the correctness of this supposition, a small quantity 
of dibenzyllophonium hydroxide was dissolved in benzene, after which 
twice its molecular proportion of benzoic acid was added. The yellow 
colour of tho hydroxide disappeared instantly, and the liquid de- 
posited colourless, needle-shaped crystals of the dibenzoate melting 
at 175°. They were purer than those obtained by the previous 


* lu the portion of this work relating to tho interaction of benzil and benzyl- 
amine, tho deducing of those somewhat complex formula) from the results of 
analysis was, of course, greatly facilitated by the consideration that the number of 
carbon atoms in the molecule of any compound formed would almost certainly be 
some multiple of 7. 
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method. A nitrogen determination gave 4 00 per cent. (CaHaNjO* 
requires N = 3*89 per cent.). 

The obvious explanation of the formation of this compound during 
the recry stallisatio a of the hydroxide from benzene was that a portion 
of the hydroxide had been converted by aerial oxidation into benzoic 
acid, the latter substance then interacting with the unchanged hydr- 
oxide according to the foregoing equation. This view was readily 
tested. Into each of two tubes filled with and standing over mer- 
cury, 0*3 gram of the hydroxide was introduced, together with 15 c.c. 
of benzene, after which oxygen was passed into one of the tubes. 
After two days, 11 c.c. of oxygen had been absorbed; the yellow 
colour of the hydroxide had disappeared, and the liquid was filled 
with slender needles of the dibenzoate. The solution in the other 
tube was unchanged, except that it had deposited a mere trace of tlio 
needles, the formation of which was doubtless due to oxygen dissolved 
in the benzene employed. 

The needles of the dibenzoate from benzene contain 1 mol. of ben- 
zene of crystallisation, but, owing to rapid efflorescence, an accurate 
determination could not be made. Prom alcohol it is deposited in 
transparent prisms containing 1 mol. of alcohol of crystallisation. 
3-8246 lost 0-2465 at 100°. Alcohol = 6*44. 

C 49 H 40 N 0 O 4 , C 2 H 0 * OH requires alcohol = 6 01 per cent. 


As it was probable that the dibenzoate would readily part with its 
extra molecule of benzoic acid, we dissolved it in alcohol, added 


alcoholic ammonia, and then precipitated the organic substance by 
adding water. A colourless, crystalline powder separated; square, 
tabular crystals of the same substance were also deposited from the 
mother liquor on standing. It melted at 180°. A nitrogen determi- 
nation, made with substance dried at 120 °, gave figures agreeing with 
those required by the expected dibmzy Uophonium wonobenzonft* 9 


cji.-cdsp'co-ao-CeiQ (<j 7 h 7 v rl w 

CeH«*<3 ^r>C-CA. 


0*2843 gave 11*75 c.c. moist nitrogen at 8 ° and 7J0L*5 min. NT as t*87. 


C^H^NTA requires NT = 4*68 per cent. 


JXbenzyllapli onium Nitrate . — This compound was incidentally ob- 
tained in the determination of chlorine in dibenzyllophonium chloride. 
The chlorine was precipitated from an alcoholic solution of the 
chloride with silver nitrate. The filtrate, on standing, deposited 
magnificent, lustrous crystals of rhombohedral habit, melting with 
decomposition and evolution of gas at 208°. They left no residue on 
ignition. This substance, which was obviously the nitrate formed by 
double decomposition, was recrystallised, and its percentage of nitro- 
gen determined . 
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0*1896 gave 12*0 c.e. moist nitrogen at 7*5° and 760*5 mm. IT = 7*66. 
CjsHioNa’ETOs requires IT = 7*79 per cent. 


2. Benzil anti Ethylamine. 


Four grams of benzil, 1*7 grams of ethylamine, dissolved in 5*5 c.c. 
of absolute alcoliol, and 1*6 grams of finely-powdered zinc chloride 
were heated in a sealed tube for 5 hours at 120°. On cooling, the 
contents consisted of a dark piuk liquid, with a white powder (zinc 
hydroxide). 

The united product from several such tubes was dissolved in a smal 
quantity of alcohol with sufficient glacial acetic acid to dissolve the 
zinc hydroxide. Six volumes of ether were then added, which caused 
the separation of a viscous liquid. The supernatant ether was trans- 
ferred to a separating globe, washed with water, preserving the 
aqueous liquid, and then shaken several times with very dilute hydro- 
chloric acid. If the acid was too strong, a turbidity was occasioned, 
due to the insolubility of the hydrochloride of the new base in excess 
of hydrochloric acid; this disappeared on addition of water. The 
hydrochloric acid extracts were evaporated to dryness, and the syrupy 
residue treated with water, in which it all dissolved, excepting a small 
quantity of brown substance, which proved to be impure benzil. 
The clear* aqueous solution was precipitated with ammonia and the 
liberated organic base extracted with ether. On evaporating the 
ether to a small hulk and allowing it to stand, the base crystallised 
with some difficulty. It waft recrystallised from ether, and afterwards 
from light petroleum, which deposited it in large, lustrous prisms, 
melting constantly at 125*5°. A further quantity was obtained on 
addition of ammonia to the aqueous washings of the ether. The total 
yield from 24 grams of benzil was only about 2 grams. Analysis 
gave figures agreeing with the formula CmHialT*. 

0*1225 gave 0*3700 C0 2 and 0*0764 11*0. C = 82*38; JET = 6*93. 
0*2343 „ 20*0 c.c. moist nitrogen at 10*5° and 772*5 mm. IT = 

10*67. 

Ci 8 H w 1T* inquires C = 82*44 ; H = 6*87 ; IT = 10*69 per cent 

The same compound is obtained when benzil and ethylamine are 
heated in alcoholic solution without the addition of zinc chloride but 
the yield is even less satisfactory. 

The formation of the compound i> represented by the equation 


C*H 5 -CO 

OeH^CO 


+ 2CH 3 -OH**3STH* = 


o!h$h> 3 - ch ' +*«> + &, 


and it has thus the constitution, as we shall prove by a separate 
synthesis, of N*ethyl-dip7ieiiyl-fi-meihyl~imidaaah* 
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The hydrochloride is readily soluble both in water and in alcohol; 
but the salt is precipitated from the aqueous solution by excess of 
hydrochloric acid. On adding platinic chloride to the aqueous solu- 
tion the platinichloride was deposited in well-formed, rhomboidal 
crystals. It was dried at 80° and analysed. 

0*5581 gave 0*1168 platinum. Pt = 20*93. 

(CisHi^JsHaPtOle requires Pt = 20*84 per cent. 

The viscous liquid, precipitated by efcher in the treatment of tho 
original product of the benzil ethylamine interaction, would contain, 
along with zinc chloride and zinc acetate, the zinc double salt of any 
quaternary chloride that had been formed. By dissolving it in 
water, removing the zinc with ammonium sulphide, evaporating the 
filtrate to dryness, extracting the residue with absolute alcohol, and 
again evaporating the alcoholic solution, a syrupy substance was 
obtained, which, from its reactions, was probably the quaternary 
chloride in question ; but as we failed to obtain it in a crystallised 
form, we did not investigate it further. The difficulties which we 
afterwards experienced with the corresponding quaternary iodide, 
prepared by the union of the tertiary base with ethylie iodide, 
sufficiently explain our failure. 

Synthesis of N-Ethyl-diphenyl-fi-methyl-imidazole from Diphenyl- 
p.-methyl~imidazole and Ethylie Iodide . — 3 grams of diphenyl-^-methyl- 
imidazole, prepared by the interaction of benzil, aldehyde and 
ammonia (Japp and Wynne, Trans., 1886, 49 , 464), were heated with 
excess of ethylie iodide in a sealed tube for 6 hours at 100°. The con- 
tents of the tube, consisting of a mass of brown crystals, were removed 
from the tube with alcohol, evaporated to dryness, dissolved in hot 
water, and the solution filtered. Ammonia precipitated an oily base, 
which, in contact with a crystal of the base CwHiaETa, obtained in tho 
previous interaction, solidified. It was recrystallised from hot light 
petroleum, in which it all dissolved, excepting a small residue; this 
proved to be unchanged diphenyl-/c-metbyl-imidazole. The solution 
deposited prisms melting at 125*5°, in every respect idoniical with 
those of the base CjbHisNj, with which formula a nitrogen determina- 
tion also agreed. 

0*1129 gave 10*3 c.c. moist nitrogen at 9° and 746*5 mm. BT = 10*70* 
C 18 H 16 N 2 requires K = 1069 per cent. 

It is formed according to the equation 




_ C^-C-NCCA) 


thus proving it to be K-ethyl-dipbenyl-/.-metbyl-imidazole. 
N-Diethyl-diphenyl-ti-methyl-imidazobnium Iodide . — This compound 
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was prepared in order to obtain fresli proof of the tertiary nature of 
the base CjsHiaNV 

One gram of the base Ci 8 H 18 ]^ was heated with excess of ethylic 
iodide in a sealed tube at 100 — 110° for four hours. The tube contained 
clear, well-shaped crystals of the new compound ; these were removed 
with alcohol, and the solution evaporated to dryness. It was found 
impossible to obtain the compound in a crystallised form from any 
solvent. It was dissolved in water, in which it is only sparingly 
soluble, and the filtered solution was allowed to evaporate over sul- 
phuric acid in a vacuum desiccator. It separated as an oil. When 
the water was all gone, this oil was heated on the water bath, and 
stirred with a glass rod, which had the desired effect of making it 
assume a crystalline form. Although the crystals melted as high as 
ld3°, mere contact with ether, in which they are practically insoluble, 
caused them to liquefy. For analysis they were dried at 120 — 130°. 

1*0351 gave 0*5816 Agl. I = 30-35. 

CaoHujNgl requires I = 30*32 per cent. 


Its constitution is represented by the formula 


O 6 H o -C-N v I(O 3 H0 
C 6 H 6 *0 HP 


> 0011 ,. 


3. Phenanthraquinone and Methyl amine. 

Eight grams of phenanthraquinone and 2*5 grams of methylamine, 
the latter being dissolved in 12 grams of absolute alcohol, were 
heated in a sealed tube for six hours at 90 — 95°. The tube, on 
cooling, contained a brown liquid with a small quantity of a brown 
solid. The whole was treated with hot alcohol, which dissolved 
everything except about two grams of solid substance. The 
alcoholic solution, on standing, deposited a small quantity of a 
yellowish-brown substance, which was removed by filtration, evi- 
dently the sparingly soluble compound described by Zincke and 
Hof ( loc . ciL) ; bub we did not trouble further about this com- 
pound, as it was the readily soluble base which we wished to 
examine. To tho alcoholic filtrate hydrochloric acid was added; the 
liquid was evaporated to a small bulk, and then extracted with water. 
On adding ammonia to the aqueous extract, the organic base was 
precipitated as a brown powder. Following Zincke and Hof’s direc- 
tions, we recrystallised the compound from alcohol, but, finding that 
this did not readily remove the colour, we employed light petroleum 
as a solvent, and thus obtained the base in colourless needles melting 
at 188° (185 — 186°, according to Zincke and Hof). Analysis gave 
figures pointing to the formula OmHbNs, which coutains two atoms 
of hydrogen fewer than that given by Zincke and Hof. 
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0-1373 gave 0*4165 C0 3 and 0 0639 H a O ; 0 = 82-73; H = 5 17 

0-1375 „ 0-4174 C0 3 and 0 0659 ^0,0 = 82 79 ; H = 5*33 

0*1292 „ 13*15 c.c. moist nitrogen at 9° and 752*5 mm N = 

12 * 12 . 

CxeHnTST* requires C = 82 76 ; H = 5 17; BT = 1207 per cent. 

Zincke and Hof’s formula, C^HuN's, on the other hand, requires 
C = 82 05 ; H = 5*98 ; 1ST = 11*97 per cent. As already mentioned, 
no analyses are given in tlieir paper. 

The constitution of an N- methyl-diplienylene-im idazole, which we 
incline to assign to this compound, is given in the Introduction lo 
the present paper. Since, according to this view, the compound is a 
tertiary amine, it ought to combine with alkyl haloids. Wo accord- 
ingly heated it with methylic iodide and mefchylic alcohol in a sealed 
tube, and obtained a compound which crystallised from its aqueous solu- 
tion in prisms, and was not precipitated by ammonia ; but as at each 
recrystallisation this substance became in part reddish-brown and 
insoluble, apparently from oxidation, we did not examine it further. 

4. Phenanthi aqainone and Benzyl amine. 

Four grams of phenanthraquinone were rubbed in a mortar with 
1*5 gram of zinc chloride. The mixture, which was of a dark reddish- 
brown colour, owing to the formation of the double compound of these 
two substances, was transferred to a large boiling tube, and 4 grams 
of benzylamine were added. Immediately there was an effervescence, 
with evolution of heat, and the colour changed to dark blue. Tho 
mixture was heated on the water hath, but as no change was observed, 
it was transferred to an oil bath, and the temperature gradually 
raised, first to 120° and ultimately to 150°. The effervescence in- 
creased, lasting for a few minutes, and ammonia was given off. The 
heating was continued for half an hour. The mass on cooling was 
hard, and of a dull yellow colour. It was powdered and then ex- 
tracted with boiling alcohol, which dissolved but a small proportion. 
The alcoholic solution, on standing, deposited needle-shaped crystals 
with a silky lustre ; these were recrystallised from benzene, when t hey 
melted at 197° . From the melting point, appearance, ready solubility 
in benzene, and sparing solubility in alcohol or glacial acetic acid, it 
was evidently identical with dipheny lene- [i-p h enyloxazolp, 

>OC 6 H 6 . 

The latter compound, it is true, melts at 202° ; but this melting 
point can be observed only with colourless substance, and after re- 
peated recrystallisation ; whereas the present specimen had a yellowish 


CbH^-O 

c 6 h 4 -c-n 
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tinge, and the quantity was insufficient for further purification. It 
was, therefore, identified by careful comparison with a specimen ofc 
diphenylene-/i-phenyloxazole prepared from phenanthraquinone, 
benzaldehyde, and ammonia. Except as regards the slight, yellowish 
tinge, and the fact that it melted 2 ° lower, it was indistinguishable 
from this specimen. Finally, a nitrogen determination gave a value 
agreeing with that required by the formula. 

0*1988 gave 8 c.c. moist nitrogen at 8 ° and 742 mm. ; N = 4*74. 

C 21 H 13 HO requires N = 4*74 per cent. 

The substance which remained after extracting with boiling 
alcohol was found to be insoluble in the ordinary organic solvents of 
low boiling point. It could be reciystallised, however, from boiling 
aniline, from which it was deposited in microscopic, brownish, rect- 
angular prisms, with a bronze lustre. It was twice crystallised from 
this solvent, washed with alcohol, and dried for analysis. It did 
not melt below 300°, and could not be sublimed. When dissolved in 
cold concentrated sulphuric acid, it gave a very faint bluish colour ; 
but the liquid, on warming on the water bath, became of an intense 
blue colour, and this solution, when diluted with water, dyed silk 
greenish-bluo; the colour fading, however, in a few days. Two 
combustions of different preparations, together with a nitrogen de- 
termination, were made ; but the figures were not very concordant : 
C = 87*28 — 88*00 ; H = 4*58—5 01 ; 1ST = 3*94. The nearest to 
this is the formula which requires C = 87*72; H = 4*44 ; 

1ST = 3*66 per cent. The substance was difficult to burn. 

On adding alcohol to the aniline mother liquor from the first of the 
foregoing crystallisations, microscopic, yellowish, rhomboidal plates 
were precipitated. These proved to he tetraplienyleneazine, CmHmN* 
It dissolved in cold concentrated sulphuric acid, with the charac- 
teristic, intense blue colour, which disappears on addition of water. 
So far as wo are aware, totraphenylencazine has not hitherto, on 
account of its sparing solubility, been obtained crystallised from 
any solvent ; it has been usual to purify it by sublimation. 

Other experiments were mado on the interaction of phenanthra- 
quinone and benzylamine without the addition of zinc chloride ; but 
the same products were obtained as in the previous case. 

Chemical Department, 

University of Aberdeen, 



VI . — A New Method of obtaining Dihydroxytartaric acid, 
and th< j use of this acid as a Reagent for Sodium. 

By H. J. II. Fiarros, M.A. 

An account was given in a former paper (Trans., 1894, 65, 809) of a 
now acid having the formula OiHiO(,,2HjO, which is obtained by tho 
oxidation of tartaric acid in presence of iron. Experiments illus- 
trating the constitution of this acid are now in progress, and 1 hope 
shortly to communicate their results to the Society. 

The composition of this acid shows that it is closely related to 
tartaric acid and to dihydroxytartaric acid; the crystallised acid, 
CJETsOa, containing two atoms of hydrogen more than dihydroxy- 
tartaric acid, and the anhydrous acid, CiHiOa, containing two atoms 
of hydrogen less than tartaric acid. It seemed probable, from this 
relation, that the new acid should yield dihydroxytartaric acid as a 
product of oxidation, and experiments show that this change may bo 
readily effected. 

Aqueous solutions of various oxidising agents such as hydrogen 
dioxide, nitric acid, potassium permanganate, chlorine or bromine, 
gave negative or unsatisfactory results; but if the proportion of 
water be kept at the minimum necessary to complete the change, 
chlorine or bromine are found to give a considerable yield of di- 
hydroxytartaric add. Performed in the following manner, the 
change seems to take place quantitatively according to the equation, 

OJEIA^O + Br 2 = 0 4 Hs 0 8 + 2HBr. 

The crystallised acid is covered with glacial acetic acid, and a 
solution of bromine in glacial acetic acid is added drop by drop 
with constant shaking. The first portions of “bromine added art' 
almost instantly decolorised, copious fumes of hydrogen bromide 
"being evolved. As the action proceeds it is nocessary to add, 
gradually, a few drops of water to complete the change. Tho addi- 
tion of bromine is continued until a faint, permanent, yellow colour 
is just visible. Complete solution results when this stage is a* rived 
at, the original acid being almost insoluble in cold glacial aoetic acid. 

Using standard solutions of bromine and weighed quantities of tho 
•crystallised acid, the following results were obtained. 

I. 0*7023 gram of the acid required 5 c.c. of bromine solution con- 
taining 0*1246 gram of bromine per c.c., = 0*6230 gram Br. 

Theory = 0*6106 gram Br = 4*9 c.c. 

II. 0*9933 gram of the acid required 3*95 c.c. of bromine solution con- 
taining 0*21019 gram of bromine per c.c., = 0*83025 gram Br. 

Theory = 0*8637 gram Br = 4*10 c.c. 
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On neutralising with sodium carbonate the liquid thus obtained, a 
heavy, white, crystalline precipitate was immediately produced. This 
was collected, washed several times with cold water, drained with the 
aid of: the pump, dried in a vacuum over sulphuric acid, and 
analysed. 

[II. 0-8987 gave 0*4612 Na,S0 4 ; Na = 16 62. 

I Y. 0*6167 „ 0*3164 Na 2 S0 4 ; Na = 16*61. 

Y. 0*5891 „ 0-3074 Na 2 S0 4 ; Na = 16-90. 

Kekule (Annalen, 221, 253) obtained the following numbers on 
analysis of sodium diliydroxytartrate prepared from ‘* nitrota rtaric ” 
acid and from pyrocatechin, 

17 23, 17-02, 17*39, 17-04, 16-91, 16-79, 16*82 per cent. tfa. 

Theory for C A HJtfa 2 0 8 2^H.j0 = 16* 79 per cent. NTa. 

The yield of sodium salt obtained by the above method does not 
fall far short of the theoretical. Thus the result of: Experiment I. 
when treated in ihe manner described, gave 0*9478 gram sodium salt 
dried in a vacuum. Theory = 1*0343 gram. 

The acid was obtained irom this salt by Miller’s method (Ber., 
1889, 2015) ; that is, the salt was covered with anhydrous ether and 
dry hydrogen chloride passed into the mixture, care being taken to 
avoid excess; the ethereal solution was then evaporated over sul- 
phuric acid in a vacuum, and the syrupy residue slowly crystallised, 
or, if only small quantities were worked on, white crystals generally 
appeared as the liquid evaporated. These crystals exhibit all the 
properties of dihydroxytarfcaric acid. Th ey melt and decompose at 
98°, and are very easily soluble in cold water; the aqueous solu- 
tion gives an immediate white, crystalline procipitate with sodium 
carbonate, whilst with phony lhycb'azine hydrochloride, on warming, 
it gives* the characteristic orange precipitate of the “ osazone ; ” the 
latter, when dried, melted at 102 — 104°. 

For analysis, the crystals of the acid were washed with anhydrous 
ether and kept in a v.icnum over sulphuric acid. The numbers ob- 
tained agreed almost exactly with those required by theory. 

0*1742 gave 0-1685 CO,* and 0*0514 H 2 0 ; 0 = 26*38 ; H = 3*27. 

C<n G O y requires 0 = 26*37. H = 3-30 per cent. 

Considering the ease with which it is possible to prepare dihy- 
droxytartaric acid by the above method, I would suggest the use of this 
acid as a reagent for the detection of sodium. A few crystals of the 
acid are dissolved in a drop of water on a watch glass, the solution to 
be examined is added, and the liquid neutralised, if necessary, with a 
drop of ammonia. On stirring with a rod, the white crystalline pre- 
cipitate appeal's, usually in lines, as in the detection of potassium by 

vol. mtvii* jb 
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tartaric acid or by platinic chloride. Tlie test is fairly delicate, a 
] per cent, solution of sodium chloride giving tho reaction almost 
immediately, and weaker solutions after some minutes. Potassium 
and ammonium salts do not seem to interfere with the action. 

It might perhaps ho possible to cstimato sodium quantitatively by 
this method if a correction were mado for tho slight solubility of 
sodium di hydroxy tartrate in water. This suhstaneo appears to be 
much less soluble in salt solutions than iu pure water, sinco a tur- 
bidity is always produced when, in the preparation above described, 
tho final washings run into tho filtrate. If the pure salt be shake!) 
with water and tho liquid filtered into a strong solution of sodium 
chloride, a turbidity appears almost immediately. 

Later experiments have shown that, in order to obtain free diliy- 
droxytartaric acid it is not necessary first to prepare the sodium salt. 
If the acetic acid solution, obtained iu the manner above described, bo 
kept iu a vacuum over solid potash, crystals of tho acid are deposited 
as the solution becomes more concentrated. These may bo drained off 
and washed with small quantities of ethci. The acid prepared in 
this way is perhaps less pure than that obtained from the sodium 
salt, but it answers perfectly well for analytical purposes. 

University Chemical Laboraio) y, 

Cambridge . 


VII. — Isomeric Din itrod iazonmidoben zenes and their 
Melting points. 

By R. Meldola, F.R.S., and F. W. SrituA'i pusild, F.LC. 

Thu melting point of paradinitrodiazoamidobenzeno, 

(pJN O^Cc^-^H-CeHrNTOafp), 

was given by its discoverer, Griess, as 224*5° (Annalm, 121, 271). 
Subsequently we gave the melting point as 223° (Trans., 188(>, 49, 
<>2 7), stating that at this temperature it also underwent decomposi- 
tion. In a later communication, we pointed out that tho decomposing 
point was very much under control, as, by running up tho temporaturo 
rapidly, we succeeded in raising it to 228° (Trans., 1880, 55, 416). 
During the present year, the compound in question has again been 
brought under the notice of chemists, first by Pawlewskl (Ber., 1804, 
27, 1565) and subsequently by Bamberger (ibid., 1952). Tho first 
of these observers gives the melting point as 231°, and the latter as 
233°, or 231° when the temperature was raised very slowly. Although 
the determination of the melting points of easily decomposable corn- 
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pounds within a few degrees in either direction is not, under ordinary 
circumstances, a matter of particular importance, in the present case 
it seemed desirable to reinvestigate the matter, in view of the possible 
existence of stereoisomeric diazoamido-compounds (Hantzsch, Ber., 
1894, 27, 1857 ; compare Bamberger, ibid., 2596 ; Hantzsch, ibid., 
2968 ; and also the authors, in Trans., 1890, 57, 807). 

A specimen of the diparadinitro-compound prepared by us for our 
former investigations, was crystallised repeatedly from methylic 
alcohol till the melting point was constant. The melting point of 
this preparation was then observed by ourselves and students under 
various conditions. The accuracy of the thermometer was first ascer- 
tained by comparison with other standard thermometers. Without 
giving all the determinations, we may state, as a final result, that, 
according to our observations, the compound has no true melting 
point, but a point of decomposition, which ranges from 220° to about 
236°, according to the rate at which the temperature is raised. We 
use the ordinary method with a small beaker of strong sulphuric 
acid, and no correction has been applied for the portion of the 
thermometer stem out of the bath. If this correction is applied, 6° 
must be added to tbo temperatures given, but, as the other observers 
make no specific statement to the contrary, we presume their melting 
points are also nncorrected. In order to give some definiteness to the 
expression “ rate at which the tomperature is raised,” we may add 
that in the slowest observations the temperature was raised about 1° 
in 15 seconds, and in the quickest observations about 1° in 3 seconds, 
the readings being timed from 200° upwards. 

Having familiarised ourselves with the behaviour of the compound 
on heating, we applied to Dr. Pawlewski and to Dr. Bamberger for 
specimens of their products, as these had been obtained by methods 
differing from ours, more especially in the absence of strong mineral 
sicids, and we desired to compare the various preparations* Both 
the chemists named very kindly forwarded specimens, and we arc 
glad of the present opportunity of acknowledging their courtesy. A 
comparison of tho products showed that they possessed the same 
latitude of decomposing point and were identical with oars in every 
other respect. 

In the papor by Pawlewski above referred to, this author assigns 
as a reason for believiug that 231° is the true melting point of the 
diparadinitrodiazoamide, the similarity in the difference between the 
melting points of the dipara- and the dimetadinitro- compounds and 
the corresponding nitranilines. He makes this difference 84°, but 
this result is arrived at by taking tho melting point of metnnitraniline 
as 110°, a statement for which Korner appears to be the authority. 
Hiibner, however, found the* melting point to be 114°, and a careful 
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scries of determinations by ourselves gave the melting point as 113° 
(imeorr.). Taking the molting point of the dimetadinitro-csompoimd 
as 194°, the difference should therefore bo 81°, and the melting point 
of the dipara-componnd = m. p. of paranitraniline 4* HI 0 = 228°, and 
not 231° as given by Pawlewbki. 

In order to complete the set of isomcridos, the hitherto nndescribod 
di ortho-compound, (o)N 0 2 *OcH t -]Sr}H*C 6 H 1 , !N 02 (o), was prepared b\ 
diazotising ortlionitraniline in cold glacial acetic acid solution with 
the calculated quantity of sodium nitrite added in small portions in 
the solid state. The compound separates in a crystalline form in a 
few hours. It is best to work in a strong, that is, cold saturated 
solution, and to add the nitrite very slowly, in the manner described. 
The yield is not so good as in the case of the dimoia- and diparadi- 
nitro-compounds, as a considerable quantity of some resinous sub- 
stance is formed as a bye-product and remains dissolved in the 
mother liquor. It may he of interest to add that tlie dioi'tho-com- 
pound cannot be prepared in aqueous or alcoholic solution by any of 
the usual methods, but it is possible that a better yield than is given 
by our method would be obtained by diazotising with an alkylic nitrite 
in some neutral solvent, such as ethylic acetate. Wo actually ob- 
tained about 1*7 grams of the pure substauce from 5 grams of ortbo- 
nitraniline. The compound has the following properties : although it 
dissolves but sparingly in boiling alcohol, it can be advantageously crys- 
tallised from this solvent. It separates in yellow needles from a small 
quantity of the solution in a test-tube, whilst from a large volume 
of the solution, allowed to cool slowly, it separates in the foim of 
beautiful, golden scales. It melts at 196 — 190*5° without undergoing 
decomposition; the difference between this and the melting point 
of orthonitraniline (72°) is 124°, and Pawlcwski’s rulo evidently fails. 
The analysis of our compound showed that it had the composition of 
a dini trodiazoamide . 

0*0986 gave 20*4 c.c. moist nitrogen at 15*5° and 707*2 mm. N *s 24*37. 

* The formula requires N = 24*39 per cent . 

As the melting point of the compound was so widely divergent 
from that calculated by Pawlewski’s rule (72° 4- 81° = 153°), wo 
made experiments with the special object of ascertaining whether it 
might not have been the metamerio amidoazo-compound. All the 
properties, however, agreed with those of a true diazoamide. When 
heated in a dry tube, the substance explodes with deflagration, 
leaving a carbonaceous residue. It is more stable towards acids than 
the isomeric dimeta- and dipara-compounds, as it can bo allowed to 
stand for days under strong hydrochloric acid at ordinary tempera- 
tures without undergoing any change. When boiled with dilute 
sulphuric acid (I volume of strong acid to 2 of water), it decomposes 
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with evolution of nitrogen, and the formation of orthonitraniline. 
Heated in a sealed tube with strong hydrochloric acid, it decomposes 
completely at ] 00° in three or four hours, the products being ortho- 
nitrochlorobenzenc, orthonitraniline, and nitrogen. The decomposi- 
tion is perfectly analogous to that which the isomerides undergo under 
similar conditions (Trans., 1886, 49, 629). 

The foregoing results fumi&h fairly good evidence for the diazo- 
con&titutiou, but the acid character of the compound appears to us to 
establish this constitution beyond question. It dissolves in cold 
alcoholic or boiling aqueous caustic soda with a reddish-brown colour, 
the sodium salt separating out in the form of bronzy needles. We 
have satisfied ourselves that this crystalline deposit is a salt, and not 
a product of reduction, because it gives the unaltered diazoamide on 
treatment with acids (see Pawlcwski, Ber ., 1894, 27, 1566 ; also tlio 
authors, ihuh, 2202). Although the compound is acid enough to form 
salts, the latter are somewhat unstable, and lose their alkali metal on 
washing with water, the decomposition being indicated by a change 
of colour from hronzy to orange, and tlio unchanged diazo-compound 
being left on the filter. For this reason, it has not been possible to 
make a satisfactory analysis of the potassium or sodium salt. Even 
the silver salt, which was prepared by adding ammoniacal silver 
nitrate to a hot solution of the diazo-compound in alcoholic ammonia, 
and which consists of brown needles, appears to undergo partial de- 
composition on washing with alcoholic ammonia. 

0*1 152 gave 0 0382 Ag. Ag = 26*31. 

The formula NOyCeHrXaAg'CeH^Ni^ requires Ag = 27*41 per cent. 

The compound does not appear to be alkylised with the same readi- 
ness as its isomerides. We have tried the action of etliylic iodide on 
tho potassium and on the silver salts, but under the same conditions as 
those which enabled us to prepare the etliylic .salts of tho isomerides 
wit h such facility Ihe present compound remained unaltered. We have 
not studied the action of reducing agents on the compound, as Pa w- 
lewski is following up this branch of the work, which was commenced 
by us in a former paper (Trans., 1886,49,628), and as this author has 
obtained i*csiilth which promise to bo of interest, wo loave him in posses- 
sion of the field. Wo have only to point out that tho majority of the 
now products of reduction described by Pawlowski are amorphous, 
and that the constitutional formulas assigned are based solely upon 
tho analytical results, without any other evidence being adduced 
(Ber., 1&94, 27, 1565). 

It gives ns much pleasure to acknowledge the assistance whioh has 
been given in tlio cotnuo of the work by two of our students, Messrs. 
H. W. Younger and E. R. Andrews. 
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VIII. — -JSsmitial Oil of Hops . 

BtAlfrup C. OumiAN. 

The essential oil of tops lias been submitted to investigation at 
different times by several chemists who, according to their published 
statements, obtained from it terpenes boiling at 160° and 175°, and an 
oxidised constituent to which the formula Oi 0 H w O (or Ci 0 Hi a O) has 
been assigned, but which does not appear to have been isolated in a 
state of purity. 

Payen and Chovallier examined the oil in 1822, and separated it 
into two fractions by distillation. Wagner, in 1853, obtained a 
terpene boiling at 175° and an oxygenated compound which yielded 
valeric acid on oxidation, Personne, in an admirable paper entitled 
u Histoire chimique et naturelle de lupulin ” («/. Tharm ., [3], 26, 241, 
329 ; 27, 22), obtained a fraction, boiling between 150 — 160°, of a light 
yellow colour, and sp. gr. of 0*8887. It rotated a ray of polarised 
light 2*7° to the right in a tube 80 mm. long. When acted on by 
fnsed caustic potash, potassic valerate was formed and hydrogen 
evolved. 

The essential oil of hops has also been examined by J. Ossipow 
(/. P?\ Chem [2], 28, 448), who paid particular attention to the 
products obtained on oxidising the oil by means of chromic mixture. 
In his first paper, entitled “ Yorlaiifige Notiz fiber das Hopfenol ans 
kanfiichem Lupulin,” published in 1883, lie refers to the action of 
bromine, and of chromic mixture on the oil, and in his second paper, 
published in 1886, he practically confines his attention to the fractiona- 
tion of the volatile acids obtained on its oxidation. Of those acids, lie 
was able to identify acetic acid and isovaleric acid. These various 
researches, however, throw but little light on the real nature of the 
constituents of this essential oil. 

The important researches of Wallach and others oil the terpenes 
and essential oils has enormously enlarged our knowledge of ilu^e 
substances during tbc last few years, and the investigation described 
in this paper was undertaken with the object of studying the 
essential oil of hops in the light of this extended knowledge. Tn a 
preliminary notice communicated to the Society (Proc., 1893, 177) l 
published an account of a partial examination of one sample of oil, and 
briefly described a sesquiterpene obtained from it by fractional distilla- 
tion. Since then I have submitted to examination three other samples 
of the oil, and have obtained results of a more definite character. 
Owing to unexpected difficulties in connection with two of the con- 
stituents, I have not as yet been able to completo the investigation, 
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but having obtained a large quantity of the oil, I hope to be able to 
examine these constituents more thoroughly. 

In this research I have examined four samples of the essential oil, 
which will be referred io as Nos, 1, 2, 3, and 4 respectively. 

Sample No. 1. — This sample I prepared myself by the steam distil- 
lation of about 80 kilos, of hops, some of which had been grown in 
Burgundy, some in Alsace, and the remainder in Kent and Sussex. 
The oil so obtained was twice distilled over water to free it from 
resin, and was dried over chloride of calcium and anhydrous sodium 
sulphate. About 140 c.c. of nearly colourless oil was finally 
obtained. 

Sample No. 2. — This sample I obtained through the kindness of 
Messi*s. Wright, Layman, and Umney, of Southwark. It had been 
distilled in May, 1893, from German hops of 1892 growth, by Messrs. 
Schimmel and Co., of Leipzig, and was guaranteed genuine by that 
firm. The oil was of a pale yellow colour and perfectly bright. 

Sample No. 3. — This was the largest sample with which I worked. 
If or it I am indebted to Messrs. Schimmol and Co., of Leipzig, who 
kindly distilled it for me from the best Bavarian hops of 1893 growth. 

Sample No. 4. — This sample I prepared myself by the steam distil- 
lation of about 100 kilos, of English and foreign hops of 1894 growth, 
obtaining about 150 c.c. of the purified and dried oil. 

Of the genuineness of all theso samples, therefore, there can be no 
doubt whatever. 

The above four samples of oil had the following relative densities 
and specific rotatory powers. 

d 15715 °. d 20°/ 20 ’. [»* 


No. 1 0*8802 0*877G 4-0*41° 

No. 2 0*8602 0*8636 4-0*58° 

No. 3 0*8771 0*8739 4-0*50° 

No. 4 0-8743 0*8716 — 


All of these samples were neutral io litmus, and free from sulphur. 
On cooling to —20° they became more viscous, but did not yield any 
crystalline substance. The oil dissolved in cold concentrated sul- 
phuric acid, giving a blood -red solution, from which water precipi- 
tated a reddish oil, having a smell somewhat resembling that of 
valeric acid. Shaken up with a saturated solution of sodium hydro- 
gen sulphite, the oil gave no crystalline compound, and there was no 
noticeable development of heat. On shaking with a strong solution 
of caustic potash, it experienced no appreciable diminution of volume, 
and it did not reduce an ammoniacal solution of silver nitrate. 

* The determinations of circular rotation mentioned in this paper were made 
with a Laurent instrument, using sodium light. 
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Fractionation of the Oil . 

The first sample of oil was distilled under atmospheric* pressure. 
It commenced to boil at 170°, but the temperaturo roso rapidly to 
230°, and the greater part of the oil distilled over between 230° and 
270°. After several fractionations three fractions were obtained, Uio 
first boiling at 170 — 255°, the second (corresponding to about lour- 
fifths of the whole oil) at 255 — 260°, and a third small fraction at 
260 — 270°. The first and third fractions were very small. The 
second fraction, after purification by distillation over sodium, was 
found to consist of a sesquiterpene, which is described fully in this 
paper, and which has also been obtained in considerable quantity 
from all the other three samples. 

The three samples (representing the great bulk of the oil with 
which I worked) were fractionally distilled under a pressure of 
60 mm., a current of carbon dioxide being passed into the liquid to 
ensure regular ebullition ; each sample was distilled separately, the 
fractions of corresponding boiling points obtained from the different 
samples being mixed after their identity bad been ascertained. 

After prolonged fractionation nnder these conditions, the following 
fractions were obtained. 

(1) 89—91° (2) 145—150° 

(3) 163— 168° (4) 168-173° 

Nos. 1 and 4 were the main fractions, the remaining two being 
small. No. 4 fraction corresponded to nearly two-thirds of the oil 
used. 

Fraction No. 1 (b. p. 89 — 91°). — This was a colourless, very mobile 
liquid, of characteristic smell. When boiled with a small piece of 
sodium, it was found to be practically unacted on, and, on analysis, 
was found to consist almost entirely of carbon and hydrogen. It was 
purified by repeated distillation over sodium under a pressure of 
50 mm. until the metal remained blight to tlio ond of the operation ; 
thus purified, it boiled at 86 — 89° (50 mm.), and further fractiona- 
tion failed to split it up into two distinct fractions. 

The greater pait of this liquid boiled between 166° and 171° under 
atmospheric pressure, bub towards the end the boiling point suddenly 
rose to about 250° ; on stopping the distillation, a small quantity of 
a yellowish, viscous oil remained in the fiask. On continuing tlio 
distillation of this viscous oil, the thermometer rose to 320°, and a 
solid resin remained. A portion of this fraction, therefore, undergoes 
polymerisation, and oxidation change, when boiled under ordinary 
atmospheric pressure. On exposure to the air, it absorbs oxygon 
with great rapidity, becoming first very viscous and ultimately 
changing into a colourless, hard resin. I found d 20°/20° = 0‘799. 
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Being extremely surprised at this low number, T made many 
density determinations of the corresponding fractions obtained from 
all three samples of oil, and found in all cases almost identical num- 
bers, namely, 0*798, 0*797, and 0*799. 

When examined in a tube 100 mm. long, at 15°, it produced a rota- 
tion of 0*50° to the loft. It has, therefore, practically no action on 
polarised light. 

On combustion, it gave the following numbers as the mean of two 
experiments which were in close agreement. 

Pound. Calculated for CjqHjj. 


C 87*77) 87*59 

H 12*80 12*41 


It will be seen that the carbon is lower (and the hydrogen, of 
course, proportionately higher) than would be required for a terpene 
or mixture of tcrpencs. Tlie formula, Ck,H 16j requires C = 88*28, 
It = 11*77. The differences ai*e greater than can he accounted for 
by experimental error, more than ordinary care having been taken to 
ensure the accuracy of the hydrogen determinations. 

A vapour density determination, by Hofmann’s method, in toluene 
vapour (b. p. 111°), gave 5*0, C 10 H 17 requiring 4*75. 

On passing hydrogen chloride into a cooled solution of the liquid 
in ether, the gas was readily absorbed, and, when saturated, the solu- 
tion was reddish-purple. The yellow oil left on evaporation of the 
ether, after having been kept for some days in a desiccator over 
caustic potash, was submitted to distillation under a pressure of 
40 mm. Between 95° and 1 10° a colourless mobile oil distilled over 
containing 30*5 per cent. HOI. A dihydrochloride of the formula 
CioJIig, 211C1 requires 34*9 per cent. HC1. This result points either 
to a decomposition of the compound or (which is more probable in 
view of the other ascertained facts) to the liquid being a mixture of 
two distinct hydrochlorides. The quantity was too small to distil 
fractionally with any chanco of success. 

On adding bremine or a solution of bromine in chloroform, drop by 
drop, to a woll-cooled solution of this fraction in ether or chloroform, 
the colour disappeared immediately at first, but when 3 to 4 atoms 
of bromine bad been added for every molecule of the substance, it 
remained permanently coloured. Up to this point, there was practi- 
cally no disengagement of hydrogen bromide, and, on allowing the 
solvent to evaporate, a dense yellow oil was left; this could not bo 
obtained in a crystalline condition. When this oil was treated with 
aniline, action occurred at once, the mixture became very hot, and 
aniline hydrobromide separated. On adding hydrochloric acid and 
distilling with steam, no volatile hydrocarbon passed over, hut a 
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resinous mass remained in the distilling flask. The removal of 
hydrogen bromide in this way is therefore accompanied by the 
polymerisation of the original hydrocarbons. 

Many attempts were made by well-known methods to jji oparc a 
nitrosochloride, but, although nitrosyl chloride was readily absorbed, 
no crystalline compound could be obtained. Attempts to prepare u 
nitrosite and a nitrosate were equally unsuccessful. 

In the next place, the action of oxidizing agents on this fraction 
was investigated. A cold aqueous solution of potassium peimanga- 
nate, containing 40 grams of the salt per litre, was added little 
by little to 3 grams of the oil. At first the colour of the per- 
manganate disappeared at once, then somewhat more slowly, and 
finally remained tolerably permanent when an amount of tho solu- 
tion equivalent to 21 grams of the salt had been added. In this 
solution, carbonic acid, acetic acid, and oxalic acid were easily re- 
cognised. There was also present a very small quantity of some 
volatile acid having an odour resembling that of valeric acid. The 
oxalic acid was identified by its calcium salt, which was analysed. 
Boiling with dilute nitric acid of various strengths was also tried, 
bnt in all the experiments the only solid oxidation product which 
could bo recognised with certainty was oxalic acid, the acid crystal- 
lising fairly readily from the different liquids after concentration. 
No evidence of the formation of any tcrephthalic acid was obtained 
The low specific gravity of this fraction and the impossibility of 
obtaining any crystalline compounds from it show that it is not any 
of the well-known terpenos. These terpenes have relative densities 
varying between 0*84 and 0*86 at 20° ; this fraction is 0*799 at that 
temperature. It seems extremely probable, judging from tho experi- 
mental results, that this fraction consists of two hydrocarbons, one 
having the formula Ci 0 Hi 8 and the other CmHiy. The latter is 
probably tetrahydiocymenc (b. p. 167°), whilst the former nia) 
possibly be one of the “ olefinic terpenes 99 describod by Semmler (Jicr , 
1891, 24 , 682). >So little, however, is known at present of tho latter 
that until more work has been done in connection with them, it will 
be impossible to arrive at more definite conclusions. One thing, at 
least, is certain, the great bulk, if not the whole of tho lower boilmg 
point fraction of the essential oil of hops consists of hydrocarbons 
other than the ordinary terpenes. The general statement made in 
this connection by previous observers is to the effect that tho lower 
fraction consists of 6fc a terpene ” boiling at about 170°. I may add 
that these hydrocarbons did not undergo any polymeric changes 
when sealed up in an exhausted tube and allowed to stand for six 
months at ordinary temperatures. At the time when this experi- 
mental work was done, I thought that I was the first to recognise 
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the presence of a hydrocarbon of the formula Ci 0 H 18 in an essential 
oil, bnt I have quite recently become acquainted with a paper by 
Andres and Andreeff ( Ber. , 1892, 25 , 609) on .Russian peppermint oil. 
In this paper, they state that the lowei fractions of the oil consist of a 
mixture of two hydrocarbons, C 10 Hie and C 10 Hk„ and they consider the 
latter to be identical with the “ dekanaphthylene ” of Markownikoft 
and Ogloblin. They conclude by remarking, “ Soweit uns bekaunt, 
ist das dor erste Fall, dass oin derar tiger Kohlenwasserstoff in einem 
iitherischen Oele gefunden wird.” 

JT) action No. 2 (b. p. 145 — 150°). — Owing to the very small proportion 
in which this constituent occurred in all the samples of oil examined, 
I was unfortunately unable to obtain sufficient to permit of its satis- 
factory identification. The small fraction obtained was a colourless 
oil having a pleasant smell of oil of geranium with an after-smell of 
oil of rue. It did not solidify on being cooled to —10°. d 15°/15° = 
0*885. 

0*121 gave 0*348 C0 2 and 0*1275 H 2 0. C = 78*43 ; H = 11*71. 

C 10 Hi 8 O requires C = 77*92 ; H = 11*69 per cent. 

The compound unites readily with bromine, and in many of its 
properties appears to bear some resemblance to geraniol. I am now 
engaged in fractionating a large quantity of the essential oil and 
hope to be able ere long to complete the identification of this oxy- 
genated constituent. 

Fraction No. 3 (b. p. 163 — 168°) was a small fraction, having very 
little smell and containing 3*4 per cent, oxygen. It was found to 
consist of a mixture of the next higher fraction with a little of the 
fraction just described. 


The Bcs^uitapenc. 

Fraction No. 4 (b. jp. 168 — 173°). — This fraction, which was by far 
the largest obtained, representing, in fact, nearly two-thirds of the 
whole of the oil used, was found to be identical with the fraction 
boiling between 256° and 261° (760 mm.), obtained from the first sample 
of oil, imd of which a preliminary aeconnt has already been given to 
the Society. The substance was purified by repealed distillation over 
sodium under 60 mm, pressure, until the metal remained bright 
throughout the whole distillation. Thus purified, it boiled at 

166 — 170° (60 mm.), and on combustion gave the following results. 

I. 0*1065 gave 0*345 CO; and 0*1145 HA 0 = 88*26; H = 11*92. 

II. 0T400 „ 0*454 „ „ 0*1480 „ C = 88*42; H ss 11*71. 

III. 0*1640 „ 0*498 „ „ 0*1610 „ 0 = 88*20; H = 11*69. 

CiflH^ requires 0 = 88*23 ; H = 11*77 per coni. 
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In defer mining its vapour density, it was found that Victor 
Meyer’s method, using diphcnylamine (b. p. 310°), did not give satis- 
factory results, since the vaporisation was very slow, and the substance 
underwent some decomposition. Two determinations, therefore*, wore 
made by Hofmann’s method, using quinoline (b. p. 237°). The two 
results obtained were (1) 6*91 and (2) 7*1. The formula GwIIjj re- 
quires 7"1. This fraction, therefore, consists of a sesquiterpene. Tho 
boiling point of this compound, corrected for the emergent moreurial 
column, is 263 — 266°. Its density determinations gave d 15°/15 u = 
0*9001, d 20° /20° = 0*8977. 

The liquid when examined in a tube 100 mm. long, at 20°, produced 
a rotation of 0*5° to the left. 

The sesquiterpene prepared from the first sample of essential oil 
(which was probably not quite so pure as this second and larger 
quantity) produced, under the same conditions, a rotation of 1*5° to 
the right. It is, therefore, evident that the sesquiterpene is optically 
inactive, the slight lmvorotation observed in this case being due to a 
trace of some active impurity. 

The following are the results of determinations of tho index of 
refraction for the red hydrogen line and the sodium line (C and JD). * 
The observations were made at 19°, and gave the values /*D = 1*6021, 
and /<Ha = 1*4978. 

The specific refractive energy of the compound calculated by 

means of the T - formula is, therefore, 0*3245, and the molo- 

(?r + 2 )d 

cular refractive energy 66*2. Taking Bruhl’s numbers for tho atomic 
refractions of carbon and hydrogen, the calculated number for 
Oi 5 H 2 * = i is 63*7. This evidence of the presence of two paits of 
“ doubly linked ” carbon atoms is borne out by the determinations of 
the amount of bromine with which one molecule of the sesquiforpono 
can directly combine, and by the preparation of a dih) ihocli lurid o 
described below. 

Action of Bromine , — A solution of biominc in chloroform was run 
drop by drop into a solution oi tho sesquiterpene in five times its 
volume of the same solvent, kept cool by means of ice. The colour 
disappeazed rapidly at first, and did not become permanent until 
4 atoms of bromine had been added tor every molecule of the com- 
pound present. At this stage, the evolution of hydrogen bromide, 
which had previously been slight, increased considerably. On allow- 
ing the chloroform to evaporate spontaneously, a viscous, yellow oil 
was left; it could not be induced to crystallise. Other experiments, 

* My bebt thanks arc due to Mr. G\ Finch, working in the Physical Laboratory 
oi University College, London, for baling been kind enough to make these deter- 
minations for me. 
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using both, chloroform and carbon bisulphide as solvents, showed 
that 1 molecale of the compound was capable of uniting directly with 
4 atoms of bromine. 

Action of Hydrogen Chloride . — Hydrogen chloride was passed to 
saturation into a well-cooled solution of the sesquiterpene in four 
times its volume of other. The gas was readily absorbed, and the 
solution finally became purple. After allowing it to remain for some 
hours, and then evaporating the ether, a yellow oil was left ; this, 
after being washed with small quantities of cold alcohol (in which it 
is somewhat soluble), was allowed to remain for several days in a 
vacuum over caustic potash and sulphuric acid. The clear yellow oil 
thus obtained, on being cooled to —15°, became more viscous, but did 
not show' any tendency to crystallise even after the lapse of some 
hours. Distillation under reduced pressure (GO mm.) was then tried ; 
at first there was a very considerable disengagement of gas, and then 
a colourless liquid distilled over between 165° and 185°. After two 
more distillations under the same pressure, the liquid boiled at 
168—175°. A chlorine determination gave 3*7 per cent. HC1, 
C 16 H fc4 ,2HCl requiring 26*3 per cent. HC1. It is evident, therefore, 
that even under a pressure of 60 mm. this hydrochloride is almost 
completely decomposed, so that it is impossible to purify it by this 
means. Another quantity of the yellow oil, prepared and partially 
purified as above described, gave on analysis numbers approximately 
agreeing with those required by the formula C 15 H, t ,2HGl. The rela- 
tive density of this impure hydrochloride was 1*063 at 15°/15°. 

On oxidation with cold aqueous solution of potassium permanganate, 
tbo sesquiterpene yielded considerable quantities of carbonic acid and 
acetic acid, together ■with a non-volatile acid, which could not be 
identified with certainty. 

Action of Nil rosy l Chloride . — One volume of the sesquiterpene was 
dissolved in three volumes of chloroform, and the solution cooled 
in a freezing mixture to —15° ; on passing nitrosyl chloride into it 
fdowly, care being taken not to allow tbo temperature to rise, the 
liquid became green, and after a time a white crystalline substance 
separated, the quantity of which was increasod when the product 
was poured into cold alcohol. The crystalline precipitate was quickly 
collected on a filter, washed with cold alcohol, and dried in a vacuum 
over sulphuric acid. The nitrosochloride obtained in this way is a 
white, finely crystalline substance, fairly soluble in chloroform ; it can 
be obtained from this solution in a more distinctly crystalline condi- 
tion by the addition of alcohol. Compared with the nitrosochlorides 
of the terpenes, it is very stable, since it can be heated to 140° without 
the slightest change of colour. At 164 — 165°, it melts to a brownish- 
black liquid, which then undergoes considerable decomposition. It 
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wan found to contain 12 90 per cent, chlorine instead of 1.TK5, the 
calculated amount. 

When this nitrosoclilorido was heated will) an ovivhs of piperidine, 
almost to the boiling point of the latter, a vigorous notion occurred 
resulting in the formation of a nitrolpiperide. Sufficient alcohol was 
added to completely dissolve tho products formed, and then a little 
water; on standing, tho nitrolpiperido ciystallisod out. It was puri- 
fied by crystallisation from hot alcohol, from which it separates in 
the form of small, white, glistening plates. It is bat slightly soluble 
in cold, and not very roaddy in hot alcohol. When purified by several 
recrystallisations, it melted at 153°. It was found to contain 8 - 72 
per cent, nitrogen, instead of 8 - 80 the calculated amount. 

It now became necessary to ascertain whether this sosquitorpouc 
was identical with any of the well-known and properly characterised 
sesquiterpenes obtained from other sources. In the tirst place, its 
boiling point, relative density, and optical inactivity, os also its in- 
ability to furnish a crystalline dibydrochloride, show that it is not 
cnbebene (cadinene). On obtaining a crystalline nitrosoclilorido, 
melting at 164 — 165°, I was struck by the fact that Wallach ( Anmtlen , 
271 , 295) had obtained from caryophyllene (the sesquiterpene which 
occurs in oil of cloves) a nitrosochloride melting at nearly tho same 
temperature, and which appeared from his statements to resemble 
somewhat closely the one I had obtained. I thought, therefore, that 
the hop oil sesquiterpene might possibly he inactive caryophyllene. 
Wallach, in the paper above referred to, has shown that caryophyllene, 
when boilod in glacial acetic acid solution with dilute sulphuric acrid, 
readily forms a well-crystallised, characteristic alcohol of the formula 
CijHas'OH. Attempts eo prepare a similar componncl from the hop- 
oil sesquiterpene failed, nothing bnt dense, oily products being forrnod, 
showing not the slightest tendency to crystallise. The conditions 
prescribed by Wallach were closely followed, a parallel experiment 
with caryophyllene itself readily yielding tho ciystallino alcohol. 
Wallach, moreover, states that the nitrolpiperide obtained from 
caryophyllene nitrosochloride couM not he obtained in the crystalline 
condition, whereas the corresponding compound from tho hop-oil 
sesquiterpene crystallises readily. There can bo no donbi, therefore, 
that this compound is not caryophyllene. Its relative donsity ami 
the formation of a nitrosochloride prove that it is not identical with 
dovene, whilst it differs in several important respects from codreno. 

These are the only sesquiterpenes of which wo possess any know- 
ledge sufficiently definite to admit of their identification. The ovidonco 
I have given as to its chemical individuality justifies me, I think, in 
adding to this list the sesquiterpene of tho essontial oil of hops for 
which I venture to propose the namo hmulene. ? 
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In three ont of the four samples of oil with which I have worked, 
humulene was, as regards quantity, the main constituent. Since 
these samples have been prepared in different years from hops grown 
in several countries under various climatic conditions, the essential 
oil of hops must be regarded, I think, as one of those oils in which a 
sesquiterpene figures as an important constituent. 

I hope, before long, to be able to render the examination of this 
essential oil more complete. 


IX . — Solution and Pseudo-Solution. Part II. Some 
Physical Properties of Arsenions Sulphide and 
other Solutions. 

By S. E. Lindir and Ha hold Pro ion. 

In* Trans., 1892, 61, 148, will be found an account of the preparation 
of various “ grades ” of arsenions sulphide solution. In a subsequent 
paper, the conclusion is drawn from this and other observations that 
there is no defined boundary line between suspension, on tho one 
hand, and perfect solution on the other ; the difference is only one of 
degree of aggregation. The previous series of “ grades” of arsenions 
sulphide solution has been added to, and it is now found that the 
one obtained on pouring a solution containing about 2 per cent, of 
arsenions oxide, As 4 0 6 , into sulphuretted hydrogen water is not only 
diffusible, but can be filtered through a porous pot. The following 
grades of sulphide solution have now been prepared : As 2 S 3 (a), 
the aggregates of which are visible under the microscope ; As 2 S 3 (ft), 
invisible, but not diffusible; As 8 S 3 (7) diffusible but not filterable; 
Ajs 3 S 3 (S), diffusible and filterable, but scattering and polarising a 
beam of light, 

Tlio following experiments have been made on the higher grade 
solutions, chiefly (7), tho filterable solution (?) only having been dis- 
covered at tbo close of the experiments described in this section. 

Goagulaiive Power . — Metallic salts arc found to arrange themselves 
in sharply divided groups as regards thoir power of coagulating these 
solutions of arsenions sulphide. The group into which a metallic 
salt will fall depends on tho valency of the metal, thus torvalenb 
metals have the highest coagulative power, bivalent metals about one- 
tenth of this power, and univalent metals (including hydrogen and 
ammonium) less than on e-five-hundred bh. These differences are also 
shown by the same metal when the valency varies (e.g., with iron). 
It is interesting, however, that silver, and thallium (in tballous 
salts) should fall in the same group as copper and the bivalent metals, 

VOIi. LXVH. f 
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whilst mercury and lead are placed in Group T, along with 
aluminium, iron, and the tervalent metals. 

In the accompanying Table I (p. 65) the comparison is made be- 
tween molecular weights of the di heron t salts. In this table, the 
relative quantities needed for coagulation are given, the solutions 
being of equimolecular strength, and referred to aluminium chloride 
(AlCh) as unity. Thus one molecule of aluminium chloride, AICI3, 
possesses the same coagulative power as 16‘4 mols. of cadmium 
chloride, or 750 mols. of sulphuric acid (H 3 S0 4 ). The molecular 
coagulative power of a salt is taken to be inversely proportional 
to the number of molecules required to produce coagulation. Taking 
equivalents, the same relationship bolds, although the difference be- 
tween the groups is then, of course, not so striking. 

In order to make the comparisons exact, the same arsenic solution 
was used throughout, and the coagulations were so arranged that the 
final strengths of the arsenic solutions at the moment of coagulation 
were identical. To ensure this, the arsenic solution was more or less 
diluted before commencing the titration, according to indicationH 
obtained from preliminary determinations. Slight irregularities 
might arise from the fact that at the moment of starting the experi- 
ment the strengths were not identical ; and, moreover, there is another 
possible source of error, namely, the variation of time employed in 
the titrations. Unless this is kept approximately the same, serious 
differences occur, as a quantity of coagulant insufficient to produce 
coagulation immediately will do so in the course of time. These 
difficulties were, however, satisfactorily met. 

The differences in coagulative power observed between salts of 
metals of different valency is so very striking, that the coagulative 
power might afford a convenient test of the valency of a metal in a 
given compound. We propose to coutinue our work on the coagula- 
tion of low grade solutions. 

The true nature of coagulation is at present unknown to us, but 
some light has been thrown on the subject by a careful examination 
of the coagulum which separates from a solution of arsenic sulphide, 
7 , on the addition of a metallic salt. As it was found that barium 
chloride coagulated the sulphide in a form specially suitable for 
washing, and as both barium and chlorine can be rapidly and 
accurately estimated in solution, this salt was selected for experiment. 
30 c.c. of a solution of arsenic sulphide, 7 (containing about 1 grain 
of AsaS))a was diluted to 100 cc., and coagulated by the caroful 
addition of 10 c.c. of barium chloride solution (containing about 208 
grams of the salt to 20 litres), the whole was diluted to 250 c.c. and 
allowed to deposit the sulphide ; 100 c.c. of the clear liquid was then 
withdrawn, and the barium precipitated as sulphate; the chlorine 
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was determined in a second sample. The weights of barium ami 
chlorine found were as follows. 

Barium..*. 0*02422 Chlorine.... 0*01380 

10 c.c. of the same barium chloride solution was diluted to 250 c.c. ; 
100 c.c. gave 

Barium .... 0*02663 Chlorine. . • . 0*01380 

It will be seen that, while the amount o£ chlorine has remained 
constant, the barium has sensibly diminished ; it has boon withdrawn 
from solution by the sulphide of arsenic, in which it can readily be 
detected after carefully washing out the excess of barium chloride by 
cold water; the sulphide is then found to contain very sensible 
traces of barium, but is free from chlorine. 

These experiments when repeated with calcium chloride gave 
similar results; calcium was withdrawn from solution, whilst the 
amount of chlorine remained constant. The calcium could be 
readily detected in the coagulated sulphide oven after careful and 
prolonged washing. 

It was found impossible to extract this small trace of barium or 
calcium by cold water, aud even after boiling with water 'the sul- 
phide was still found to have retained it; similar results were 
obtained with other metallic salts. If, however, the sulphide, coagu- 
lated in this way by the addition of the dilute solution of a metallic 
salt, he digested for a few minutes with a cold, dilute solution of another 
salt, a complete exchange is effected between the metals, and the 
sulphide is found to have entirely lost the small traco of the original 
metal; the latter can be readily identified in the filtrate, whilst a 
small quantity of the second metal is found associated with ilio 
sulphide, from which it cannot be romovod by washing with cold 
water. 

Tor example, if we coagulate the sulphide with a diluio solution of 
barium chloride (208 grams to 20 litres), aud, after carofully washing 
to extract all excess of salt, digest the coaguluiu with diluio calcium 
nitrate (164 grams to 20 litres), the barium is entirely displaced in 
the sulphide by calcium, whilst no trace of chlorine can bo detected 
either in the filtrate or in tlic sulphide. Similarly, the barium can 
be extracted by potassium nitrate or ammonium chloride; in this 
case, solutions containing about 1 gram-mol. of salt in 4 litres woro 
employed for extraction. Owing to the difficulty of identifying small 
traces of potassium and ammonium, and of washing the sulphide free 
from the excess of the salts employed, it was not found possible to 
prove the presence of potassium or ammonium in the coagulated sul- 
phide, but there is no reason for regarding the action of these salts 
as exceptional. 
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This power which metals possess of displacing one another in their 
combinations with sulphide of arsenic mast be regarded as dae to 
mass-action rather than to selective affinity, although the nature of 
the metal has considerable influence in determining the stability of 
the resulting compound, for whilst univalent and bivalent metals in 
the same salts have widely different powers of coagulating a solution 
of arsenious sulphide, it is yet possible to completely displace a bi- 
valent metal like calcium by simple digestion with a solution of an 
ammonium or potassium salt of appropriate strength ; moreover, two 
metals can displace one another in the same simple way. Thus, 
cobalt can easily be made to displace calcium in the sulphide of 
arsenic coagulated by calcium chloride by extracting the precipitated 
sulphide, after careful washing, with a solution of cobalt chloride, or 
sulphate, whilst, in the same way, using cobalt salts to coagulate the 
sulphide, the cobalt, which is invariably found associated with the 
sulphide, can be readily displaced by calcium. 

An additional point of interest is that when salts of the same 
group are added successively to produce coagulation, the effect is 
additive, but with salts of different groups this is not the case. Thus to 
coagulate 26 c.c. of the arsenious sulphide solution, there were needed 
cither 4*9 c.c. of ammonium chloride solution (26*7 grams per litre) or 
4*20 c.c. of hydrochloric acid (18*3 grams HOI per litre), but on first 
adding 2*00 c.c. of the ammonium chloride solution, only 2*4 c.c. of 
hydrochloric acid were needed to complete coagulation, the calculated 
amount being 2*5 c.c. 


Table II . — Coagulation by Successive Additions of different Salts of 
the same Croup. 


Salt A. 

Volume 

A. 

Salt JB. 

Volume B 
required to 
complete 
coagulation. 

Calculated 
volume of B 
required. 



Hydrochloric acid • . 

4'20 


Amnionic chloride. . . . 

4*00 




Amnionic chloride. . • • 

3*00 

Hydrochloric acid .. 

2*40 

2*50 

Hydrochloric acid .... 

2*eo 

Ammonio chloride • . 

1*75 

1*85 



Nitric acid. ........ 

4*10 


Hydrochloric 

2*35 

Nitric acid 

1*97 

1*80 



Potassium sulphate. 

4*40 


Nitric acid 

2*00 

Potassium sulphate . 

1*95 

2*25 

Amnionic chloride. • . . 

2*00 

Potassium sulphate . 

2*40 

2*60 

Calcic Nitrate 

4*60 






Baric chloride. * . . . . 

4*20 


Calcic Nitrate ....... 

2*20 

Baric chloride. • «... 

2*30 

2*20 , 
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Table III . — Coagulation by Successive Additions of Different Saits 
of Different 61 onps. 


1 

1 

A • 
'-''S' 

H 

«H ° 

0 

4 

1 

Volume of salt B (strontium 
chloride) required to com- 
plete coagulation. 

Calculated volume of B 
necessary. 

6 

1 

Volume of salt A (strontium 
chloride) 

Volume of salt B (hydrogen 
chloride) necessary to com- 
plete coagulation. 

ft 

•s 

$ 

If* 

^ CJ 

JS 

1 

Difference. 

o-oo 

4'40 



0*00 

4*15 


■H 

0*30 

4*90 

4*20 


0-30 

4*10 

3*87 

Cl; • fm 

0-60 

5*40 

4*00 


0-60 

4*15 

3*59 

■ 

0*90 

5*60 

3*80 


0*90 

4*00 

3*81 

B»HtWa 

1*20 ! 

5-55 

3*60 

1-95 

1*20 

3-87 

3*03 

0*84 

1*50 

5 -ft) 

3*40 


1*50 

3-70 

2*75 

Hi I ■ 

1*80 

5*90 

3*20 

2-70 

1*80 

3-60 

2*47 


2*10 

6*00 

3*00 

3*00 

2*10 

3*45 

2*19 

BP * W 

2*40 

6*70 

2*80 

2*90 

2*40 

3*38 

1*91 

B* -yB 

2*70 

5*65 

2*60 

3 -OS 

2-70 

3*05 

1*63 

mrrm 

3*00 

5-30 

2*40 

2*90 

3-00 

2-76 

1*35 

1*40 

3*30 

5*10 

2*20 

2*90 

3-30 

2*35 

1*07 

1*28 


With potassium chloride and strontium chloride, on the other hand, 
the effect is not additive. Indeed, strange as it may seem, the amount 
o£ strontium chloride needed for coagulation is actually increased by 
the previous addition of potassium chloride. We also observe that 
up to a certain point the more potassium chloride is addod tho more 
strontium chloride is needed to produce coagulation ; but when the 
proportion of potassium chloride exceeds this limit, auy further 
addition of that salt begins to diminish the amount of strontium 
chloride needed to induce coagulation. Tho results were carried 
as far as they could be short of complete coagulation by potassium 
chloride. 

The reverse titration was tried with strontium chloride and hydro- 
gen chloride. It also shows a maximum inhibitory effect by tho 
strontium chloride. 

Coagulative Denver and Dissociation . — As it appears probable that 
the power metallic salts have of coagulating arsenious sulphide is en- 
tirely due to the positive radicle, it is of interest to inquire whether 
the coagulative power of salts of the same metal is proportional to 
the number of free positive ions in the solution from which the sul- 
phide of arsenic separates,* That some close connection exists be- 

* * In the case of univalent metals, this contains about 1 mol. weight of the salt 
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tween dissociation and coagulative power is at once evident from an 
examination of the table of relative coagulative powers of metallic 
salts (Table I, p. 65). It will there be seen that hydrogen in the 
acids which readily dissociate in solution, such as hydrochloric, 
hydrobromic, hydriodic, nitric, and sulphuric acids, has a consider- 
ably greater coagulative power than it has in less dissociated acids, 
such as oxalic, phosphoric, and arsenic acids, whilst it has been 
found impossible to coagulate arsenious sulphide solution at all by 
means of tartaric, succinic, or acetic acids, which are practically 
non-dissociated. 

In comparing the coagulative powers of salts of the same group, 
we must make the comparison between equivalent rather than 
between molecular weights of the salts. If we make the assumption 
that the 16 equivalent ” coagulative power, c, of a salt is proportional 
to the number of free positive ions in the solution from which the 
sulphide of arsenic separates, and to some constant 6 dependent on 
the nature of the positive radicle in the salt employed, we have 


o i'Q 



where c and c are the equivalent coagulative powers of two salts, 
0 and 0 constants depending on the metals, and x and as! proportional 
to the number of salt molecules dissociated into free ions (the values 
of x and x! are calculated from the electrical conductivities). For 
salts of the same metal, 0 = 0\ and the equation reduces to 

cjd = x/x\ 

The truth of this equation is proved by the results given in the 
following table, in which the equivalent coagulative powers and the 
dissociations aro compared for tho chlorides, nitrates, and sulphates 
of hydi'ogen and potassium both referred to the chloride as unity. 


Table IV. 


Acid. 

Hydrogen. 

Potassium. 

Coagulative 

power. 

Dissociation. 

Coagulative 

power. 

Dissociation. 

Cl 

1-00 

1-00 

1-00 

1*00 

NO* 

1*02 

l 00 

0*98 

0*99 

N0 4 /2 

0*6* 

0*66 

0*80 

0*82 


in 10 litres $ in that of bivalent metals about 1 mol. weight in 500 litres $ whilst in the 
case of the tervalent metals the sulphide is found to separate from a solution con- 
taining 1 moL weight of the salt in 10,000 litres. 
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How, the molecular conductivity' of a salt has boon shown by 
Kohlvausch to be of the form 

p = ,*■(?* + v ) 

where /t is the molecular conductivity,® the proportion of the electro- 
lyte dissociated in.ro its ions, and n and v the velocities of migration 
of the ions. 

We have, therefore, for the molecular conductivity of two salts 
ft. __ .r (n 4 - v ) 

y ~ v & + o') ‘ 

If salts of the same metal he compared, w = n\ and, further, » has 
a value not far removed from c 1 for tho chlorides, iodides, bromides, 
nitrates, and sulphates. The equation will therefore approximately 
take the form pjp = xj.r , i and we should expect to find that the 
equivalent coagulative powers of two salts of tho samo metal are 
proportional to the equivalent conductivities of the salts for tho samo 
strength of solution as that from which the sulphide coagulates. 
Thus 

II _ .1* ___ c 

p f d ' 

In the following table, V, are tabulated the equivalent conductivities 
and the equivalent coagulative powers for the chlorides, bromides, 
iodides, nitrates, and sulphates of potassium, hydrogen, sodium, and 
ammonium, in each case referred to the nitrate as unity : tho agree- 
ment between the two sets of figures is close. 


Tahle V . — Brfatice Equivalent Conductivities and Coagulative Powers 

tompaml. 



Potassium. 

11 ) dragon. 

Sodium, 


Acid. 

j 

1 

Molecular 

conductivity. 

0 

•5 

IS 

s-s 

ll 

Coagulative 

power. 

£ 

S S 

l| 

11 
a s 

1 

6 8 . 

& 

s:s 

11 

n 

J 

llsS 

n 

€1 .. 

1-07 

1*07 


0-98 

1*05 


1 *02 

1*19 

hr • . 

1-08 

1*04 

0-99 

1*03 

1*06 


1-10 

1 *00 

I. . 

1-08 

1*04 

1*01 

1*00 

1-05 

gifia 

1*09 

1 *00 

jsto 3 

l'OO 

1-00 


1*00 


1*00 

1*00 

l'OO 

SO 4/2 

0-85 

0*83 

0*62 

0 02 

0-83 

0-81 

0*82 

0*77 


From the above experiments it would seem, therefore, that fho 
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coagulative power is entirely controlled by the number of free posi- 
tive ions present in the sulphide solution at the moment of coagula- 
tion, and, further, that some action takes place between the sulphide 
of arsenic and the metallic salt ; the nature of this action, however, 
is very doubtful, and no satisfactory explanation can be offered. 

Specific Gravity . — The relation between specific gravity and dilu- 
tion of arsenious sulphide solutions is represented by a straight line. 

The following table gives the specific gravities of arsenious sul- 
phide solutions of varying strength. In the case of solutions of 
metallic salts, e.g ., potassium chloride of ordinary strength (down to 
1 per cent.), the relation between specific gravity and dilution is not 
a straight line. The same holds for strong solutions of cane sugar, 
which, however, below a strength of about 7 per cent., behaves like 
arsenious sulphide. 


TabIjE VI . — Specific Gravities of Arsenious Sulphide Solutions . 


Solution employed. 


Arsenious sulphide^) 

99 H 

99 » 

99 ™ 

9* >1 

99 >9 

99 9* 

9) 91 

99 99 


Strength of 
solution. 

Specific 
gravity 
found at 
22°. 

Specific gravity calculated, 
assuming that the relation be- 
ta een specific gravity and 
percentage strength is repre- 
sented by a straight line. 

Difference. 

4*4* per cent. 
2*2 

1*033810 

1*016880 

1 "010906 

-0*000025 

1*1 

1 *008435 

1*008440 

-0*000005 

0-55 „ 

1*004200 

1 -004218 

-0 *000018 

0*275 

1*002110 

1-002100 

+ 0-000010 

0*1375 

1*001050 

1 *001055 

-0*000005 

0 *06875 

1 *000535 

1-000525 

+0*000010 

0*034.38 

1*000207 

1-000207 

0-000000 

0*01719 

1 *000137 

1 *000131 

+ 0-000003 


* This was the utrongesi solution obtainable. 

Volume-change . — As confirming the above, it is interesting to note 
that there is absolutely no volume-change on coagulation of a solu- 
tion. The method adopted was as follows. A large bottle, capacity 
750 c.c., was fitted with a ground glass stopper carrying a capillary 
tube. The capacity of 10 mm. of this tube was 0*0133 c.c. The 
arsenious sulphide solution was coagulated by adding calcium chlo- 
t ride contained in a glass bulb with a very fine stem. As the calcium 
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chloride itself produced contraction on mixing with water, the 
amount of this was first determined with a known weight of calcium 
chloride, and the same weight was used in tho coagulation experi- 
ment. The instrument was, of course, exceedingly sensitive to tom- 
perature changes, responding to a change of 0*05 J . On this account, 
the flask was kept immersed in a current of water of uniform tempera- 
ture. After coagulation, the readings were continued till tho level was 
absolutely constant. The results show that tho volume-change- 
noticed on coagulation is precisely that due to tho calcium chloride* 
and water. 


Table VII. — Vclmne-ehange on Coagulation of Arsenious Sulphide 


Liquid in bottle. 

Calcium chloride 
used for 
coagulation. 

Pall of liquid in 
capillary tube. 

Volume altera- 
tion. 

Distilled water. 

1 *17870 grams. 

1 "7870 „ 

1 "7870 „ 

18 "8 mm. 
13-0 „ 

13*1 „ 

0 -0177 e.e. 

o-om „ 
0-0175 „ 

. » . « 

Arsenious sulphido ( 7 ) . . 
(1 *25 per cent, solution.) 


Surface- Tension . — So far as could be ascertained with tho instru- 
ment employed, the surface-tension of water is unaffected by the 
dissolved arsenious sulphide. The instrument used consisted of a 
capillary tube graduated in millimeters, and, to avoid the effect of 
inequalities in the bore, the tube was so arranged that the liquid 
always stood at the same division. In carrying out the experiments, 
the tube was washed first of all very carefully with soda and hot 
aqua regia, and finally with water. Tho liquid examined was next 
drawn through the tube for some time, and then allowed to sink until 
the level became stationary ; the liquid was next forced below this 
level and allowed to rise. If the two readings coincided, tho result 
was considered satisfactory. In the oompax*aUve experiments the 
temperatnro was kept within variations of at most 0*05°. 

A 2 per cent, solution of arsenious sulphido gavo a capillary rise 
of 387-5 mm., the calculated rise being 387*7 mm., a difference of 
0 2 mm. On the other hand, a 2*5 por cent, solution of cane sugar 
gave a rise of 384*7, the calculated rise being 383*8, a difference of 
H- 0 9 mm. This difference, though not large, is quite appreciable, and 
with stronger sugar solutions the differences increase in the same 
direction. With the sulphide, on the other hand, the rise is at one 
tune 0*2 mm. too low ; at another 0*1 mm. too high. 

Osmotic Pressure. Notwithstanding a large amount of work on 
this subject, we have been unable to obtain satisfactory results. 


OF ARSENIOUS SULPHIDE AND OTHER SOLUTIONS. 
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Quantitative comparisons seem at present impossible, the pressure 
being variable with diffei exit pots, and also from causes that escape de- 
tection. Using an apparatus such as that described by Adie (Trans , 
1891, 59, 344), but with the porous pot and gauge filled with water, 
the gauge open to the air, and with arsenious sulphide solution out- 
side the pot, a 4 per cent, solution was found with one pot to gh e 
17 mm. water pressure. Haemoglobin in solution also gave a small 
pressure, as did also Rowney’s water-colour indigo. A coarse indigo 
suspension composed of particles visible with a 1-inch objective, gave 
no pressure. Filterable substances were found to give no permanent 
pressure. We merely mention these results as preliminary, and hope 
in time to obtain more evidence. 

New Solutions . — Among new solutions examined may be mentioned, 
in addition to As a S 3 (<5), Chapman’s uranium and ferric dextrosates. 
Both of these, when pure, scatter light, and are non-filterable. The 
latter, however, in presence of ammonia and ammonium chloride, 
does not scatter light, and is filterable. Two complicated tungstates, 
described by Wolcott Gibbs ( Proc . Amer. Acad 15, 1 ; 16, 126 ; 18, 
271, &c.), have also been examined. The barium salt, 20 W0 3 ,P a 0 5 ,6Ba(> 
+ 48H a O, showed no luminous beam, and was readily filterable. So, 
too, with the more complex salt 60W 0 3} 3P 2 0 53 Vo0 6 ,Y 0 2 ,18Ba0 + 
150H a O ; Gibbs regards this salt as a chemical unit, since it exhibits 
the same composition when prepared under varying conditions. 

Degradation of As 2 S 3 (c). — As regards the filterable As 2 S 3 (o), the 
following points may bo recordod. On adding a few drops of very 
dilute sodium chloride to this. solution, it became at once non-filterable, 
and, therefore, degraded in the scale of solution. This result is 
interesting as suggesting that a coagulant acts by increasing tho size 
of all tho aggregates present in a solution, and probably to a similar* 
extent. The pot used in this case was found, after careful extraction, 
to completely preveut the filtration of ferric hydrate, even after 
addition of ferric chloride. Strong arsenious sulphide solutions 
(4 porcent.) seem also to bo uniformly non-filterable. 

filtration of Dyes . — Methyl- violet, Hofmann’s violet, and magenta* 
though not scattering light, were found to bo non-filterable. Thi* 
apparently anomalous result was explained whon it was found that on 
exposing solutions of the dyes to tho action of fragments of pot 
they were withdrawn from solution ; in this case we have a special 
selective action of the material quite different from the true filtration 
of arsenious sulphide, &c., which are not withdrawn from solution. 

Effect of Low Temperature and Keeping. — On freezing a solution of 
arsenious sulphide (<y) the whole of the sulphide comes out of solu- 
tion, but if alcohol be added to prevent freezing and the temperature 
is then lowered with ice and salt, no coagulation occurs. The same 
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observations have been made with ferric hydiato solution. A solu- 
tion of arscnions sulphide of about 2 per cent, strength, prepared 
three years ago (August 17th, 1891), shows as yet no signs of coagu- 
lation. 

Parmiier's Foundation School , 

Victoi la Parle. 


X . — Contributions to the Chemistry of Cellulose . 

I. Cellulose-sulphuric acid \ and the Products of 
its Hydrolysis. 

By A. L. Stern, D.Sc., Lond., Associate of the Mason College. 

In 1819, Braconnot (Ann. Ghim. Phys., 1819, [2], 12, 185) observed 
that linen dissolved in concentrated sulphuric acid, and that if tho 
liquid was diluted with water, a clear solution was obtained, con- 
taining, besides sulphuric acid, another acid which he named acide 
vegeto-sulpliurique. When the diluted solution was boiled for some 
hours, a substance was produced which was fermentable, and which 
he consequently considered to he glucose. 

In 1844, Blondeau de Carolles (Ann., 1844, 52, 412) investigated 
this acid, and found that when cotton- wool was added to concentrated 
sulphuric acid, it dissolved and formed a light yellow solution, which 
changed to dark violet on standing. When the solution was dilutc v d 
with cold water and neutralised with barium carbonate, tho excess of 
sulphuric acid was precipitated as barium sulphate, and tho barium 
salt of cellulose-sulphuric acid remained in solution ; this was pre- 
cipitated from the concentrated clear solution, ou adding strong alco- 
hol. The composition of those salts varied with tho time the sulphuric 
acid solution of cellulose was allowed to stand before diluting. 

Ci b H 3 6 O ib (SOa) 2 BaO, 2 H (i O was obtained after \ hour*. 

CioHsoOk, (S 0 3 )aBa0,2H a 0 „ „ 12 hours. 

C^ACSO^JBaO^H.O „ „ 24 „ 

About the same time, H. Fehliug (Ann., 1845, 53, 135) found tlio 
composition of one of the barium salts to be BaO, 5 per cent. ; SO*, 
5 3 per cent. ; C. 35*8 per cent. ; H, 5*9 per cent., which corresponds 
to CsoHisoOgoBaO (S0 3 ) a . Marchand (J. pr. Ghem., 1845, 35, 200) 
acted on Swedish filter paper with sulphuric acid for four weeks, and 
obtained a lime salt, 0^ 2B 0 8 (S0 d ) 3 0a0. 

Becbamp (Ann., 1856, 100, 364) added little to tho knowledge of 
these adds. He states that the substance obtained by dissolving cellu- 
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lose in sulphuric acid is a dextrin, like stareli dextrin, bnt with less 
specific rotatory power, and that on boiling this with acids a sugar is 
formed. 

In 1883, Flechsig (Zeit. physiol. Chew 1S83, 7 , 523) determined 
the nature of the sugar formed when cellulose-sulphuric acid is 
hydrolysed. He used cotton- wool cellulose, diluted the solution of 
cellulose in sulphuric acid until it contained 2 per cent, sulphuric 
acid, and boiled this for 5 — 6 hours. The solution, neutralised with 
baryta, filtered, and concentrated, yielded crystals of sugar which 
were recrystallised. Only about 3 per cent, sugar appears to have 
been obtained. The specific rotatory power was found to be [a]j> = 
+ 53*0, which is practically that of dextrose. The cupric reducing 
power is identical with that given by Allihn (J. pr. Chem ., 130 , 61) 
for dextrose, but these numbers are about 10 per cent, higher than 
those usually accepted for dextrose. Flechsig found that 1 gram of 
the sugar reduced 1*940 grams of copper. The usual figures are 
1 gram dextrose reduces 1*760 grams of copper. 

Lindsey and Tolleus (Ann., 1S91, 267 , 370) dissolved cellulose, 
obtained from wood by the sulphite process, in strong sulphuric acid, 
and boiled tbe diluted solution for some hours. They separated 
lrom this about 3$ per cent, of crystalline sugar [a] D = + 52*7, which 
appeal's to be dextrose. 

In 1885, Honig and Schubert (. Monatsh ., 1885, 6, 708) investigated 
these substances, employing cotton- wool cellulose. They confirmed 
the fact observed by Blondcau de Caiolles, that the proportion of 
barium to sulphuric acid is invariably one equivalent of the former 
to two of the latter. 

The temperature at which the cellulose was dissolved in sulphuric 
acid was found to have very little effect on the composition of the 
compounds, but a considerable effect on tlxo optical activity, the 
latter varying directly with the temperature. The following table 
illustrates this. 


Temp. 

Per cent. Ba. 

Mi- 

7° 

25-4 

- 3-7 

10 

20-7 

- 1*0 

20 

26 b 

+37*1 

25 

243 

+44*1 

SO 

26 9 

+59-5 

S3 

25-4 

+57*4 

40 

23 3 

+73*0 


The proportion of acid to cellulose did not affect the composition or 
optical activity, so long as it did not fall below two of acid to one of 
cellulose ; if the proportion was reduced to one of acid to one of cellu- 
lose, the resultant cellulose-sulphuric acid neutralised less base* 
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Tlie time during which the sulphuric acid solution was kept before 
dilution had only a slight influence on the composition, and rather 
more effect on the optical activity of the compounds; if it was short, 
the amount of base neutralised and optical activity wore low. Thus a 
solution which stood only i hour before diluting gave a barium salt 
containing 24*3 per cent. Ba and [a ]j = 44*1; whereas iho same 
solution, on standing 24 hours before dilution, gavo a barium salt 
containing 25*7 per cent. Ba and [a]/ = 67*8. Some of the barium 
salts were fractionally precipitated from their aqueous solutions by 
alcohol, bnt in nearly every case the fractions wero found to be 
identical. 

The barium salts of these acids were white or yellow powders, 
which appeared to be crystalline, easily soluble in all proportions in 
water but insoluble in alcohol. They were optically active, and 
reduced Fehling’s solution, reducing it less if they had boon pre- 
pared at a low temperature thau when prepared at a high tempera- 
ture. When boiled in aqueous solution, the barium salts were decom- 
posed, the products being barium sulphate and an organic barium 
salt containing less barium than the original salt, but no sugar. These 
experiments were, however, few in number ; no attempt was made to 
purify the barium salt, and the proof of the absence of sugar appears 
to be very incomplete. 

They give C 6 „Hi 0 («_^)O 5( «_ t) (S0 4 M') r , as the general formula of those 
products, but, as no determination of carbon or hydrogen was made, 
it is difficult to see what evidence there is for this. 

From a solution of cellulose in sulphuric acid diluted with 
15 — 20 times its weight of absolute alcohol, and allowed to interact 
during several days, a product separated, which was collected, and 
washed with alcohol until the filtrate was no longer acid ; this sub- 
stance yielded a barium salt containing 4 — 6 por cent, barium. When 
the alcoholic compound was boiled with excess of alcohol, it was 
decomposed, producing ethyl hydrogen sulphato, and a substance 
having a composition corresponding with CUIioOa, and which was 
optically active, [a]j = +89*3. 

In a later paper ( [MovatsL , 1886, 7, 455), Honig and Hchuberi 
gave an account of further work on this subject. The dextrin 
reduced Fehling’s solution, but did not contain sugar; it had no 
action on Barfoed’s solution (a solution of copper aceiato in dilnto 
acetic acid). This is, however, not altogether satisfactory, as, 
although dextrose acts on this, there are many sugars that do not. 
It is evident this compound is not the same as starch dextrin. 

The problem of the constitution of cellulose is as yot far from 
solved* Almost the sole facts of which there is an y definite proof 
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are that its empirical formula is CJImOs, and that it contains some 
hydroxyl groups, the evidence as to their number being somewhat 
conflicting. 

It appeared probable that the study of the cellulose-sulphuric acids 
and the products of their, hydrolysis would lead to the acquirement of 
some knowledge of the constitution of cellulose. These compounds 
are hydrolysed by boiling with dilute sulphuric acid, it is stated with 
the production of dextrin and sugar. The only facts there are to 
bear out this is that a small percentage of sugar has been obtained 
from amongst the transformation products. 

Purified cotton-wool, as sold for medical purposes, was considered 
to be practically pure cellulose. It was but very slightly acted on 
when treated first with bromine water, and then with weak ammonia. 
It was employed throughout these experiments. 

The cellulose-sulphuric acids were prepared in the following manner. 
A weighed quantity of sulphuric acid (the pure acid of commerce) 
was cooled to the required temperature. Dried cotton cellulose was 
added gradually, until the acid would dissolve no more, care being 
taken that the temperature did not appreciably rise ; this operation 
usually took about three hours. The solution, after having stood about 
four hours longer at the same temperature, was diluted with cold water, 
and neutralised with baryta. The barium sulphate was allowed to 
settle, the clear solution poured off, and the precipitate washed by 
decantation; the solutions were then concentrated, first on a water bath, 
and finally to a syrup in a vacuum. It was proved that, if care were 
taken, the solution remained neutral, and that no alteration in 
composition took place during evaporation. The barium salt, which 
was obtained as a syrupy precipitate on adding alcohol to the concen- 
trated solution, was purified from compounds soluble in alcohol, such 
as sugar, by repeatedly dissolving in water and precipitating with 
alcohol. The syrupy precipitate was dried by first treating it with 
absolute alcohol, when it became brittle and powdery, then exposing 
it in a vacuum over strong sulphuric acid, and finally heating in dry 
air at 100° for 6 — 12 hours. 

The barium salts thus prepared are white or slightly coloured, 
hygroscopic, amorphous powders, very soluble in water, but insoluble 
in alcohol and ether. They are not altered when heated at 100°, but 
at a slightly higher temperature they are blackened, and when strongly 
heated are decomposed with almost explosive violence. 

The free acids are obtained in aqueous solution by adding sul- 
phuric acid to a solution of the barium salt as long as a precipitate is 
formed. Their aqueous solutions are decomposed when heated, and 
they are soluble in alcohol. 

As the barium salts are so much more convenient to manipulate 
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than the free acids, they have "been employed throughout this work* 
In order to determine if they were pure, they were fraciionally pre- 
cipitated by alcohol. The most insoluble fraction is always desig- 
nated by the lowest number : thus Fraction 1 is more insoluble than 
Fraction 2, and so on. 

In all cases, the percentage of barium, iho optical activity, and 
the cupric reducing power were determined; also, in most cases, the- 
percentage of sulphuric acid. These factor's were determined as 
follows :—The dry substance was dissolved in water, and the 
solution made up to a definite bulk. Tho optical activity was 
measured by a Laurent polariscope, which gave a D . The barium 
was determined by precipitating a measured quantity of the 
solution with sulphuric acid. The cupric reducing power, K, by boil- 
ing another portion of the solution for 10 minutes with Fchling’s 
solution diluted with an equal volume of water. The K was calculated 
in the usual way; compared with dextrose, K = 100. (0*4535 gram 
dextrose yields 1 gram OuO.) As Fohling’s solution contains a 
sulphate, it might be expocted to precipitate tho barium which is 
present; however, if there is an excess of Fehling’s solution iliK 
does not take place. The copper oxide must always be tested for 
barium, and if any is present it must be estimated and allowed for* 
The sulphuric acid was estimated by boiling a portion of the solution 
for some hours with strong hydrochloric acid and a little barium 


chloride. It was found by experiment that if sufficient hydrocliloiic 
acid was used, and the boiling continued long enough, the whole of 
the sulphuric acid was precipitated as barium sulphate. Thus, in 
one case, oxidation with nitric acid yielded 24*0 per cent. S0 4 , and 
boiling with hydrochloric acid 23*9 per cent. SO*. 

In most cases, however, it was found to he more expeditious not io 
dry the whole of tho barium salt, but to dissolvo the approximately 
dry substance in water, and estimate the amount of dry matter by 
evaporating a measured quantity to dryness in a flat-bottomed 
platinum disb on the water bath, and heating at 100° in a current 
of dry air until constant. The barium could then bo estimated in 
this by burning, and converting the ash into sulphate by moistening 
with sulphuric acid and re-igniting. 


The decomposition of the barium salts which contain a high per- 
centage of sulphuric acid is started by the slightest trace of acid, so 
that it is necessary, when analysing these by the above method, to 
render the solution slightly alkaline before evaporation by adding a 
few drops of dilute barjta water. The amount of barium thus added 
is allowed for when calculating the results. 

When it was possible to dry a sufficient quantity of pure salt, deter- 
minations of carbon and hydrogen were made by burning in a closed 
tube with lead chromate* 
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Composition of the Product formed on dissolving Cellulose in Sulphuric 
* acid. 


a. Cellulose dissolved at 5°. — Prom 20 grams cellulose, Fractions 1, 
2, 8, and 4 were prepared. Fractions 1 and 4 were small, amounting 
to about 1 gram each. Fractions 2 and 3 were the chief portions, 
and weighed about 7 grams each ; they were analysed, with the fol- 
lowing results. 

Found. 


Calculated for t * ^ 

CgHsO^SO^oBa. Fraction 2. Fraction 3. 


Ba 30-0 31*4 32*0 

SO* 42*0 44*0 44*1 


[a] D for barium salt = 4-22° -f 26° 

K = 0 0 


The slightly high numbers are accounted for by the occurrence of 
a small amount of decomposition on drying. 

Fraction 4 was also analysed : it gave practically the same num- 
bers. 

h. Cellulose dissolved at 15°. — From 28 grams cellulose, Fractions 1, 
2, and 3 were prepared. Fractions 1 and 2 amounted to 10 grams 
each, Fraction 3 about 1 gram ; 1 and 2 were analysed. 


Theory for 
C 6 H 8 Oj(SO|) 2 Ba. 

Ba 30*0 

SO* 42*0 

[a] D for barium salt = 
K = 


Found. 


Fraction 1. 

29*9 
41*7 
+ 5G° 

0 


Fraction 2. 

29*7 
40*9 
+ 53° 

0 


It is therefore evident that the same substance is produced on dis- 
solving cellulose in sulphuric acid at different temperatures; hut that 
its optical activity is dependent on the temperature of dissolution. 
This confirms Honig and Schubert’s work, but they did not succeed 
in preparing cellulose-disulphuric acid. They found a percentage 
of barium of from 24*3 to 2G*8. From experiments to be described 
below, it appears probable that they were dealing with a decomposi- 
tion product. 


Yield of Cellulose-sulphuric acid . 

In these two sets of experiments, the yiold of cellulose-sulphuric 
,*V'id was very small j in the first, 20 grams of cellulose gave 16 grams 
<*f barium salt, which are equivalent to 5f grams of cellulose; in the 
second, 28 grams of cellulose gave 21 grams of barium salt, which 
at e equivalent to grams of cellulose. That is, the yield is only 
about 25 per cent, of the theoretical. To clear up this, a careful 

YOL. LXYII. 0 
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experiment was made as follows. 17^ grams of pure, dry cotton 
cellulose was dissolved in 120 grams of sulphuric acid at 3 — 5°* 
After dilution and neutralisation, the soluble matter was separated 
from the barium sulphate as far as possible by decantation. In thin 
way, there were obtained 2200 c.c., sp. gr. 1*00585, and containing 
0 860 gram of dry substance per 100 c.c. This was analysed, and 
gave the following numbers. 

Theory for 

CglTgO^SOJ.Ba. Found. 


Ba 30*0 30*8 

S0 4 42*0 43*5 


Weight of barium cellulose-sulphate 19 grams, with the partially 
washed barium sulphate there remained about 4 grams. So that 
17*7 grams of cellulose gave 23 grams of barium cellulose-sulphate, 
equivalent to 8*3 grams of cellulose. That is 48 per cent, of the 
theoretical yield. 

The remainder of the organic matter must remain in an insoluble 
form, in some way combined with the very large quantity of barium 
sulphate (about 300 grams). It was only possible to estimate 
approximately whether this was so, and the experiment indicated 
9 grams of organic matter, but it was not found possible to sepa- 
rate it. 

Are the Products obtained by dissolving Cellulose in Sulphuric arid at 
different Temperatures chemically or only physically different ? 

The products of their hydrolysis by dilute sulphuric acid may throw 
some light on this. The two barium salts described above and prepared 
at 5° and 15° respectively, weie dissolved in water, and after 
sufficient sulphuric acid had been added to give a solution containing 
2 per cent, of free sulphuric acid, they were heated at 100® for 
30 minutes. The neutralised concentrated solutions wore fraction- 
ated by precipitation with alcohol with tho following results. 

a. Hydrolysis of Oellulose-diswlphuric arid prepared at 6°.-— 10 grams 
of the original barium salt gave 2 grams of Fraction 1, 1£ grams 
of Fraction 2, § gram of Fraction 3. Fraction 1 was purified by 
repeatedly dissolving in water and precipitating by alcohol, Fraction 2 
was precipitated by adding strong alcohol (0*820) to the concentrated 
alcoholic solution, and Fraction 3 remained in solution; it would* 
therefore, contain the sugars, if any* 

Found. 

Theory for q ^ 

CisH^OiaCBO^aBa. Fraction 1* Fraction 3* 


Ba 17-5 17*7 9*0 

SO 24*6 24*2 — 


[a]u for barium salt = + 25° + 26° 

K = 23*3 71*8 
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Fraction 2 was also analysed ; it gave the percentage of Ba and SO 
a little lower than Fraction 1, and K and [a] D higher, hut as it could 
not be considered to be properly purified, the numbers are of little 
consequence. 

The high K of Fraction 3 indicates that sugar is probably present. 
A portion of the solution containing 0*34 gram of substance was 
digested for 30 minutes with 1 gram of phenylhydrazine hydrochloride 
and If grams of sodium acetate ; a yellow, crystalline osazone sepa- 
rated, which, when dried, weighed 0*2 gram. Under these conditions, 
I have always found dextrose, galactose, and invert sugar to give 
rather more than their own weight of osazone. When recrystallised 
from alcohol, it melted at 188°, whilst a comparative experiment 
made with dextrosazone, showed a melting point of 202°. From the 
percentage of barium, K, and yield of osazone, Fraction 3 appears to 
consist of a mixture of about half Fraction 1 and half sugar. 

The chief product of this transformation is evidently the cellulose- 
sulphuric acid, Ci 8 H280i3(S04H) 2 ; 3f grams of barium salt were 
obtained, which are equivalent to 9f grams of the origi na l barium 
salt, C 6 H 8 0 3 ( S0 4 ) 2 Ba. 10 grams of barium salt were originally 
taken — tbe remaining f gram is accounted for by the sugar found. 

Tbe reaction may be expressed by the following equation. 

3.0 6 H $ 0 3 (S04H) a + 4.H 2 0 = C^H^CSO^)* + 4.H a SO* 

b. Hydrolysis of Cellulose-disulphuric acid prepared at 15°. — 1*7 grams 
of the original harium salt gave 2 grains of Fraction 1, If grams of 
Fraction 2, 0*5 gram of Fraction 3, and If grams of Fraction 4; the 
latter remained in the alcoholic solution, and will therefore contain 
the sugars, if any. 

Found. 

Theory for t * ^ 

C^HoAaCSO^Ba. Fraction 1. Fraction 4* 


Ba 17*5 17*6 4*6 

SO** 24*6 24*4 — 


[a]n for barium salt = + 75° + 54° 

K = 18-1 73*7 

Fraction 2 gave similar numbers, the percentage of Ba and SO* 
being slightly lower and the K higher. 

About 1 gram of Fraction 4 was heated at 100° with 2 grams of 
phenylhydrazine hydrochloride and 3 grams of sodium acetate for 
one hour ; the yellow, crystalline osazone which separated weighed 
0*6 gram when dried* After recrystallisation from alcohol, it 
melted at 189°, dextrosazone melting at the same time at 202° ; these 
numbers seem to indicate that about one-half of Fraction 4 consists 
of Fraction 1, and the other half of sugar* 

G 2 
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In this transformation, the chief product, as in the previous one, 
is the cellulose-sulphuric acid, CisH^O^SOJBQq ; 5 grams of its 
birium salt were obtained, which are equivalent to 13$ grams of the 
original barium salt CsHaChCSO^Ba. The sugar obtained (1 gram) 
accounts for grams of the original barium salt, accounting alto- 
gether for 16 grams as against 17 grams taken. 

It is thus proved that the same cellulose-sulphuric acid is formed in 
both these experiments. The optical activities still differ in the same 
way as before hydrolysis ; t and it will be seen throughout this paper 
that the cellulose-sulphuric acids, whether the original acids formed 
by the dissolution of cellulose, or the products of their hydrolysis, 
always have an optical activity dependent on the temperature at 
which the original cellulose-disulphuric acid was formed. 

In researches on the gnm acids, O’Sullivan (Trans., 1884, 45, 41, 
and 1891, 59, 1029) showed that there are two well-marked stages 
in the hydrolysis ; in the first, the gum acids are quickly hydrolysed 
to gum acids of lower molecular weight, and arabinose ; in the second, 
the hydrolysis proceeds much more slowly, gum acids of still lower 
molecular weight, and galactose being formed. Preliminary experi- 
ments with cellulose-disulphuric acid indicated that the hydrolysis 
of this also, took place in two stages ; in the first, sulphuric acid was 
separated, but no sugar; in the second, more sulphuric acid was 
separated, and also sugar. The following transformations were made 
to determine if these two stages did exist, and, if so, to mark their 
limits. 


Hydrolysis of Cellulose- cUsnlph uric acid . — Stage L 

In all cases, except when otherwise slated, the hydrolysis was 
effected in solution containing 2 per cent. H a SCh at 100°. 

a . Seven Minutes 9 Hydrolysis of Cellu lose-dis u fphnric acid prepared 
at 15°. — From 17 grams of cellulose, there were obtained 9 grams of 
Fraction 1, 7 grams of Fraction 2, grams of Fraction 3, and 
0 3 gram of Fraction 4, which remained in the alcoholic solution ; 
these were analysed with the following results. 


Calculated for 
[CBffACSOOsBa]* 
^CgHgO* S0 4 );B8. 

0 18-8 

H 22 

Ba 28 8 

SO*.... 37-6 

[*]d for barium salt = 
K = 


Found. 


Fraction 1. 

t * \ 

— 17-5 17-4 

— 2-34 2-39 

261 — — 

367 — — 

+ 53° — — 

0 — — 


Fraction 

2 . 


26-3 
36 9 
+ 52° 


Fraction 

3 . 


25*8 
36 5 
+ 51* 


0 
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Fraction 4 will contain the sugar, if any ; there was only 0’3 gram 
of it — insufficient to make any accurate analyses. It contained barium, 
and reduced Fehling’s solution. K = 20 approximately. Heated 
with phenylbydrazine hydrochloride and sodium acetate, it gave only 
a tarry precipitate, nothing of the nature of an osazone. It is, there- 
fore, proved that no sugar is formed down to this stage of the hydro- 
lysis. 

The reaction may be represented by the following equation. 
20 6 H 8 0 3 (S0 4 H) 2 -t- H 2 0 = C 6 H 8 03(S0 4 H) a -C 6 HA(S04H) + H 2 SO*. 


b. Fifteen Minutes 9 Hydrolysis of Cellulose- dimlphnric add prepared 
at 15°. — Fractions 1, 2, 3, 4 and 5 were prepared. Fractions 1 and 2 
formed the bulk of the product, and Fraction 5 remained in solution 
in alcohol. 


Found. 

Calculated for t * , 

(C 6 H 9 O l SO|) 2 Ba. Fraction 1. Fraction 2. Fractions 


Ba 221 242 23*4 22*6-* 

SO* 3L*2 31*7 31*6 30*9 


[a]x) for barium salt s= + 51° 4- 48° -f 38° - 

K = 0 0 small 


Fraction 3 was not analysed, as the figures obtained for Fraction 4 
showed that the latter was practically the same as Fractions 1 and 2. 

Fraction 5 was fractionally precipitated by ether. The ether pre- 
cipitate gave K as 20*2. It contained barium and sulphuric acid. 
The substance remaining in the ether alcohol solution was very small 
in quantity. It was optically inactive, and reduced Fehling’s solutiou 
to about the same extent as Fraction 5. When heated with phenyl- 
hydrazine hydrochloride and sodium acetate, it yielded no osazone. 
It is evident that no sugar* is formed down to this stage of the hydro- 
lysis. 

The reaction may bo expressed by the following equation. 

CeHaOiCSOJH)* + H a O = C«HA'SO*H + H*SO*. 

c. Twenty Minutes 9 Hydrolysis of CeUulose-disulphtmc add prepared 
at 5 — 7°, — Thirty grams of cellulose gave 17 grams of Fraction 1, 
2| grams of Fraction 2, 2 grams of Fraction 3, and 2 grams of 
Fraction 4, which remained in the alcoholic solution. 


Calculated for { 

(CgHASO^sBi*. Fraction 1. 


Ba 22*1 23*8 

SO* 81*2 29*3 


[a] j> for barium salt = + 25° 
K =; trace 


Found. 


Fraction 3. Fraction 4. 

23*4 20*2 


-r 24° + 9° 

— 36*3 
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Fraction 4 was "heated with phcnylliydrazine hydrochloride and 
sodium acetate, but no osazone was formed. It is evident that tho 
hydrolysis had proceeded to the same stage as in tho previous experi- 
ment. 

d. Thirty Minutes' Hydrolysis of Cellnlose-disulphnric acid prepared 
at 3 — 5°. — One per cent, of sulphuric acid was employed in this trans- 
formation. 

14| grams of barium cellulose-disulphate gave 7*6 grams of barium 
.salt. This is exactly the theoretical yield. 

This was fractioned into 4^ grams of Fraction 1 and 3 grams of 
FractionS; Fraction 2 remained in solution in the alcohol. These 
were again fractioned into Fraction la and 1/5, and Fraction 2a and 
2/2 respectively. On analysis they gave the following numbers. 


Found. 

Fraction 1. Fraction la, 


Calculated for 

[(C 6 HA-S0 4 ) 3 Ba] 5 

(C 13 H 19 0 9 -S 04 ) 3 Ba. 

O 25-0 

H 3*1 

Ba 20*4 

SO*.... 28*6 


25*3 25*3 - 

3*5 3*8 — 

20*3 
26*9 
+ 22 ° 
20*5 


Fraction 2. Fraction 20. 

16*4 14*9 

+ 25° + 27° 

42*4 47*5 


20 4 
28*3 

[a]j> for barium salt = + 23° 
K = 20*0 


Fraction 1 is evidently a pure substance ; Fraction 2 is not, bat 
still the amount of impurity is not great. In order to detormino if 
the latter was sngar, the substance was digested with phonylhydrazine 
hydrochloride and sodium acetate ; the small precipitate which was 
formed was recrystallised from alcohol, and, on examining the crystals 
under the microscope, it was seen that they were identical with the 
osazone crystals described above. It is evident that in this trans- 
formation a little sugar is formed, the hydrolysis having proceeded 
a little further than in the two previous experiments. 

e. Thirty Minutes' Hydrolysis of Cellul ose~ dim IpJmric add prepared 
at 15°. — There were obtained 20 grams of Fraction 1, 10 grams of 
Fraction 2, 7£ grams of Fraction 3, 3£ grams of Fraction 4, and 



Found. 

* 


[(C 6 H 9 0 4 -S0 4 ) s Ba] 3 Fraction 1. 

Frac- 

Frac- Frac- 

Frac- 


tion 2. 

tion 3, tion 3a. 

tion 3, 

C 26-4 2671 26-98 

— 

— . 

H.... 3-4 4-15 4-16 

— 

— __ 

— 

Ba.... 18*8 19-3 

18-7 

15-5 17-2 

6-4 

SO* .. 26-4 26-2 

25-3 

— 22-9 

— r .„ 

[«]d for barium salt = + 72° 

4- 69° 

— + 60* 

+ 41° 

K = 14-3 

14-1 

26-8 25-1 

63-1 
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1 gram of Fraction 5, which remained in the alcoholic solution. 
Fraction 3 was again fractioned into Fraction 3a and 0/3, These 
gave the numbers at foot of p. 84. 

Fractions 1 and 2 aro evidently a pure substance ; Fraction 3 is 
not quite pure, but the greater portion is evidently identical with 
Fractions 1 and 2. The high K and low Ba of Fraction 5 indicate the 
presence of sugar. In this experiment, as in the previous one, hydro- 
lysis has proceeded sufficiently far to produce sugar. 

These experiments indicate that the monosulphuric acid, 

CeHgO i* S0 4 H, 


is the limit of the first stage; that is, cellulose-disulphuric acid, 
CsHsC^SC^HJj, hydrolysed by boiling with dilute sulphuric acid, at 
first only loses sulphuric acid, and yields CbHdO^SOJEL On further 
heating, sugar is formed and more sulphuric acid is lost. The rest- 
ing point of the action is not well marked, as if tho digestion is con- 
tinued a few minutes too long, or if the percentage of free sulphuric 
acid is slightly increased, it is carried beyond this point. 

Tho cupric-reducing powers of these barium salts lend additional 
confirmation to the above, and the optical activities confirm what has 
been proved with reference to the influence of the temperature at 
which the original acid is prepared. The following table shows this. 


Temperature at which 
the original eelluloso- 
disulphunc acid 

Barium salt. was prepared. K, 

[C6H 8 O a (SO 4 ) a Ba] 2 ,(O b H q OrSO02Ba , t 15° 0 

<0eH 9 O4*S0 4 ) a Ba 15 10 

Ditto 6 trace 

[(CeHo0 4 SOi)aBa]5,(Oi 2 H 19 0<rS04) a Ba , 4 20 

[(0»II f OiSO J ) ft Bii] j.(0 J l M <VSO0 JBa , 15 14 


Kb 

52° 

50 

25 

22 

70 


This shows that neither tho barium salts of cellulose-disulphuric 
acid. nor of colluloso-Tnonosulphuric acid reduce Folding's solution, 
but that tho barium sails of lower acids do; tho latter will be more 
evident later. Tho optical activities of tho barium salts are evidently 
dependent on the temperatnro at which the original cellulose-disul- 
phuric acid was prepared. 


Hydrolysis of Odlulosc-mlphuric acid . — Stage IX 

a* Thirty Minutes' Hydrolysis of Qelhdose-dimlphurio add prepared 
at 15°. — Thirty-five grams of cellulose gave 11 grams of Fraction 1, 
4J- grams of Fraction 2, and a small amount in the alcoholic solu- 
tion. Fraction 1 was again fractioned into three portions, Fraction la, 
15, and 1& 
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Calculated for 
(BaSO I'CjgBisOjOe 

rt> . rar\ .n rr a \ i 


Found. 

c . 

Ba(SOi'0 13 H 19 O 9 ) s . 

257 

fraction 1. 

Fraction IS. .Fraction 1. Fraction 

— 258 

H. 

3-2 

— 

— 3 76 

Ba 

22*6 

22 6 

22*5 — Sl*ft 

SO, 

1 .... 23*8 

23-8 

24-0 - 22*9 


[«]d for baiium salt + 60° 
K= 4-9 

— + 54° 

3 8 — 6-3 


These numbers indicate that we are here dealing with a pure sub- 
stance. Sugar was also formed in the transformation, but it was not 
examined. 

b. One Hour's Hydrolysis of Oelulose-disulphuric add prepared at 
15°. — A cellulose-sulphuric acid obtained by 30 minutes* hydrolysis, 
and shown to be OsHqO y S 0 4 H, C 12 Hi 9 0 9 ' S O4H, was digested at 100° 
for 30 minutes with 2 per cent, sulphuric acid; 25 grams of the 
original barium salt gave 2 grams of Fraction 1, 5 grams of Fraction 2, 
0*3 gram of Fraction 3, 2 grams of Fraction 4, G grams of Fraction 5, 
3 grams of Fraction 6, and an alcoholic solution which contained 
Fraction 7, amounting to 2 grams. Fraction 2 was again frae- 
tioned into two equal parts, Fraction 2 a and 2 b. 

Calculated for Found. 

(BaS0 4 C 12 H 18 0 9 ) 2 * t A > 

(BaS0 4 C 13 n ig 0 9 ) 2 . Fi action 1. Fraction 2. Fraction 25. Fraction 7. 

Ba 19*8 20*4 19*0 19 4 2*8 

19*1 * 18 6 19*0 18*9 — 

[Xta for baiium salt — + 6Q W + 63° + 57*8 C 

K = 16*5 14*0 118 78*J 

Fraction 2 is evidently a pure substance, and Fraction 1 is prac- 
tically the same. 

A portion of Fraction 7, amounting to 1*5 grams, was digested at 
100° for two hours with 4 grams of phenylhydrazino hydrochloride 
tod 6 grams of sodium acetate dissolved in 30 c.c* of wator; th<- 
yellow osazone which separated weighed 1 gram. After rocrybtal- 
lisation from alcohol, it was found to melt at 194°; a comparative 
experiment with dextrosazone gave m/p. 205°. 

It is evident that we have here the same sugar as in tho other 
transformations described. All attempts to crystalliso it failod. 

c. One and a Half Hours' Hydiolysis of Celldose-dkulphwie acid 
prepared at 13°. — Eighty grams of cellulose were converted into 
cellulose-sulphuric acid at 13°. This was digested with 2 per cent, 
sulphuric acid at 100° for 1J hours. The neutralised solution, after 
being filtered and concentrated, was precipitated by alcohol, and* tho 
precipitate fractioned into 10 grams of Fraction 1, 20 grams of 
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Fraction 2, 10 giams of Fractions, 5 giams of Fraction 4. Frac- 
tion 3 -was again fraction ed into Fractions 3 a, 3 b, and 3c. The 
alcoholic solution was concentrated in a vacuum nearly to dryness* 
and the residue dissolved in methylic alcohol (sp. gr. 0 820). This 
solution was precipitated by absolute alcohol in two fractions, 2J grams 
of Fraction 5a, 3 grams of Fraction 5b ; the alcoholic solution was pre- 
cipitated by ether in two fractions, namely, 3 grams of Fraction 6* 
grams of Fraction 7; and the ether-alcohol solution contained 
2^ grams of Fraction 8. 

The fractions were analysed as follows. 


Calculated for 


CisHi. 

lOibOjBa 

Ba. 

S0 4 . 

Md. 

K. 

C(0j®H jqOg 16 *9 

19 9 


— 

Fraction 1. . . 

16 6 

191 

+60° 

8*9 

99 

2.... 

161 

19 0 

+59 

10-0 

99 

3.. . 

14 3 

19 3 

+58 

14-5 

99 

3(1 . > 

15-4 

18-8 

+ 55 

12-4 

99 

3b... 

14-7 

19-5 

+57 

13 9 

99 

5a . 

10-7 

— 

+25 

4C-6 

99 

5b... 

11-1 

— 

+25 

45*8 

J1 

0* • • • 

11-2 

12 0 

+21 

47-0 

99 

7.... 

90 

— 

+15 

55 9 

99 

8.... 

10-9 

— 

0 

51-0 


Fractions 1 and 2 are evidently a pure substance ; Fraction 3 is not* 
but a portion of it is identical with Fractions 1 and 2. 

Fractions 5a, 5b, and 6 are also pure substances. The high K 
suggested the piesence of sugar. 1 gram each of Fraction 5b and 
Fraction 6 was digested with phenylhydrazino acetate for one hour. 

] gram of Fi action 5b gave 0 8 gram of crude osazone. 

I » 99 6 99 0 ^ 99 99 99 

Tho ORtusono was rocrystallisod from alcohol, and was found to he? 
identical with that previously obtained ; m. p. 193°. 

We have here a substance which bohavos with ph eny lhy drazi ne as 
if it contained sugar, but yet sugar cannot be separated from it. The 
hydrolysis appears to have procoedod within tho complex molecule 
without sugar having been actually split off. It is evident that a 
similar product is formed in the oilier transformations described. In 
order to obtain the sugar, it is probably necessary to hydrolyse the 
whole of tho cellulose-sulphuric acid. This requires such a prolonged 
digestion as also to destroy a great portion of the sugar, and 
explains the small quantity obtained by Flechsig, and by Lindsey and 
Tollons. 

d, Two Hour*' Hydrolysis of Cellnhse-dimlpJturic acid prepared 
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m , , . , . , * . 6 x 589 + K x 619 + 8ff3_ ^ 

The mean molecular weight is -p 

This is exactly double the molecular weight found which we might 
expect for a salt. 

Expt. II. — Molecular weight of 

0 12 H I8 0 9 BaS0 4 ,2(0 1S! H 1 oOo-SOa) i Ba. 

4*626 grams dissolved in water mado up to 5u c.c. 

Sp. gr. of solution 1*04463. 

Freezing point of water — 0*14°. 

Freezing point of solution — 0 83°. 

Molecular weight = 888 282> 

* 0*b9 X 47b05 

Molecular weight of CiaH^OgBaSO* = 539. 

Molecular weight of ( 0 i 2 H 19 O 0 *SO 4 ) 2 Ba = 8C3. 

Mean molecular weight is | x . = 755. 

This is rather more than twice, but less than throe times, the 
molecular weight found. 

As might be expected in a research of this kind, a groat number 
of experiments had to be made. Those here described form only a 
portion. The others do not add anything furthor to our knowledge, 
and it is nnnecessary to record them. 

In conclnsion, I wish to express my deep gratitude to Mr. C. 
O’Sullivan, F.R.S , for the kind encouragement which ho has given 
to me during the progress of this work. 

Burto n-ou+ Trent. 


XL — Note on the Interaction of Bismuth Ilalold Com- 
pounds and Hydrogen Sulphide. 

By M. M. Pattisqn Mtjik, M.A., and Edwin M. Eaulus, BJL, St. 
. John’s College, Cambridge. 

In 1854, Schneider (Ann. JPhys. Ohem ♦, 1854, 93, G4) obtained BiSOl 
by passing hydrogen sulphide over the doublo compound, 

BiCl a ,3]SfH*Cl, 

kept hot ; also by heating this same double chloride with sulphur, and 
by causing it to react with bismuth sulphide. He (Ann. Thijb. (Jh< 
loc. ait and 110, 147) likewise prepared BiSI by heating bismut U 
sulphide and iodine, mixed in the ratio Bi s S 3 : 61 ; also by adding bis- 
muth sulphide to hot bismuth iodide, and by subliming a mixture of 
bismuth sulphide, sulphur, and iodine. 
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In 1881 (Trans., 1881, 39, 33), one of ns, in conjunction with 
Hoffmeister and Robbs, obtained indications of the formation of 
bismuth, thiobromide by heating a mixture of bismuth bromide and 
sulphur; it was also shown in the paper referred to that bismuth 
iodide and sulphur do not combine when heated together. 

Hydrogen sulphide and bismuth chloride, and hydrogen sulphide 
and bismuth bromide, interact at the ordinary temperature, forming 
brownish-red solids, and evolving acid fumes ; the actions are 
hastened by gently warming the bismuth haloids from time to time, 
and constantly shaking, so as to expose fresh portions of the solids to 
the action of the gas. By continuing the passage of dried hydrogen 
sulphide as long as any acid-smelling fumes were given off when the 
solids were heated to very low redness, then removing excess of 
hydrogen sulphide by a current of dry carbon dioxide, shaking the 
products with very dilute, cold hydrochloric acid until bismuth 
ceased to be detected in the washings, washing with cold water, and 
drying at 100°, we obtained greyish-red, crystalline, non-deliquescent 
powders, which gave results, on analysis, agreeing with the formulae 
BiSOl and BiSBr respectively. We append some of the results of 


our analyses : — 




Calculated for BiSCl. 

Bound. 

Bismuth .... 


76-00; 75-14; 7518 

Sulphur . . . . 


12-13 

Chlorine . , . , 

12-88 

13-06 


100-00 

100-19 


Calculated for BiSBr. 

Found. 

Bismuth. • . 

64-30 

64-84 

Sulphur .... 

0 89 

9-45 

Bromine . . * 


26-16 25-95 


10000 

100-45 


When iho greyish-rod products of the interaction of hydrogen 
sulphide with bismuth chloride or bismuth bromide, at a very low 
red boat, wore honied to full redness in a stream of dried hydrogen 
sulphide, acid-smolling fumes wore given off, and grey, crystalline 
solids remained, which contained only bismuth and sulphur. 

Estimations of bismuth showed that bismuth sulphide, Bx 2 S$, was 
produced in both cases. 

Analyses of the products of tho interaction of bismuth chloride, or' 
bMwauth* bromide, and hydrogen sulphide, at temperatures varying 
^OBUthe ordinary temperature to very low redness, showed that in 1 
tWtty the only solid products wore BiSOl and BiSBr respectively. 
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Bismuth, sulphide, prepared by precipitation and dried at 100% 
interacts with, chlorine at the ordinary temperature, bismuth chloride 
subliming, and a gas, smelling of sulphur chloiide, being given off. 
By gently warming the bismuth sulphide and continuing to pass 
chlorine over it as long as any action occurred, wo obtained a greyish- 
rod solid, which, after washing with very dilute, cold, hydrochloric 
acid, and then with cold water, and drying at 100°, was exactly 
similar to bismuth thiochloride, and was found to contain 75*21 per 
cent, of bismuth; BiSOl requires 75*50 per cent, bismuth* A 
similar result was obtained by passing bromine vapour over bismuth 
sulphide. The action began at once ; after gently warming in bro- 
mine vapour as long as the action continued, a greyish-rod solid 
remained containing 64*51 per cent, of bismuth ; BiSBr inquires 
64*30 per cent, bismuth. 

We did not succeed in preparing a bismuth thio-iodide by heating 
bismuth iodide in a stream of hydrogen sulphide; bismuth iodide 
sublimed, and a steel-grey, crystalline solid remained at the bottom 
of the small flask; this was powdered, and again heated in driod 
hydrogen sulphide, when a steel-grey residue was left. Both the 
sublimate and the grey residue contained bismuth and iodine only ; 
the percentage of bismuth was 35*40; Bil a requires 35*31 percent* 
of bismuth. 

We then attempted to prepare a thio-iodide by the interaction of 
bismuth sulphide and iodine, mixed in the ratio Bi 2 S 3 : 61. A reaction 
occurred when the substances were rubbed together in a mortar; a 
little iodine sublimed, and a steel-grey solid remained. When this dark- 
coloured, solid mass was powdered and heated, almost the whole of it 
sublimed, and the sublimate was proved to be bismuth iodide ; the 
steel-grey residue was also found to be bismuth iodide. Hence the 
interaction of bismuth sulphide and iodine may ho expressed, with 
fair accuracy, by the equation 

BiaSs + 61 = 2BiI 3 + 3S. 

Bismuth thio-iodide, BiSI, was obtained, but not free from bismuth 
sulphide, by heating a mixture of bismuth sulphide and bismuth 
iodide, approximately in the ratio Bi 2 S 3 : Bil 3 . A little bismuth 
iodide sublimed ; the residue was powdered, again heated, and then 
washed with cold dilute hydrochloric acid (about 1 : 10) as long m 
bismuth went into solution. After washing with water and drying 
at 100% the steel-grey, crystalline solid that remained was found to 
contain 33*9 per cent, of iodine and 9*08 per cent, of sulphur; BiSI 
requires 34*6 per cent* of iodine and 8*72 per cent* of sulphur* Three 
determinations of bismuth gave 62*7 per cent., 61*06 per cent., ami 
59*1 per cent.; BiSI requires 56*86 per cent, of^ bismuth. The sub- 
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stance was almost certainly BiSI containing a little Bi 3 S 3 ; it con- 
tained no free iodine, nor was bi&mntli iodide removed from it by 
treatment with boiling alcohol. 

The chief results of our experiments may be expressed with 
tolerable exactness in the following equations : — 

(1.) BiX 3 + *H*S = BiSX + 2HX + ( a?— 1) H 2 S; at tempera- 
tures up to a very low red heat. 

(2.) 2BiX 3 + xBS = Bi a S s + 6HX + (x — 3) H 2 S ; at a full 
red heat. 

In equations (1) and (2) X = Cl or Br. 

(3.) Bil a + o?H 2 S ; no reaction up to a full red heat. 

(4.) Bi 2 S 3 + 3*01 = BiSCl + BiC1 3 + S 2 GI 2 + (x — 6) 01; at a 
low red heat. 

(5.) Bi a S 3 + xBr = BiSBr + BiBr s + 2S -f (x — 4) Br ; at a 
low red heat. 

(6.) Bi 2 S 3 + a;X = 2BiX 3 + 3S + — - 6) X ; at a full red heat 

X = Cl or Br. 

(7.) Bi 3 S 3 + 61 = 2BiI 3 4- 3S ; at a very low red heat. 

(8.) aBi 2 S 3 + Bil 3 = 3BiSI + (a* — 1) Bi 2 S 3 ; at a low red heat- 
x nearly equal to 1. 

Note on the Method used for Analysing Bismuth Thiohaloid Com- 

; 'pounds . 

After several trials, we found the following method very satis- 
factory. A weighed quantity of the thiohaloid compound was 
digested, at about 70°, with a large excess of solid silver nitrate and 1 
concentrated (not fuming) nitric acid, in a bottle closed by a ground 
glass plate which was clamped on to the top of the bottle. After 
about an hour’s digestion, the bottle was cooled, and the contents 
were washed out into a beaker, water was added, and the liquid was 
heated. The silver haloid was treated in the ordinary way. Excess 
of silver was removed by boiling down with hydrochloric acid;, 
bismuth was precipitated from the filtrate by adding ammonia and 
ammonium carbonate solution ; and barium sulphate was precipitated 
from the filtrate in the usual manner. 

Qonville and Gaius College , 

Cambridge* 
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XII. — The Constituents of Piper ovatum. 

By Wyndham R. Dtjnsian, M.A., F.R.S., and Henuy Gaknkii 1 . 

This plant ( Piper ovatum Vahl, or Ottonia Vahlii ) grows in tho West 
Indies, and is briefly described in Grisebich’s “Floi'a of tlio West 
Indies, 5 ’ (p.172). 

It bas been examined in this laboratory, at tbc suggesiion of 
Mr. W. T. Thiselton Dyer, F.R.S., the Director of the Royal 
Gardens, Kow, who received it from Mr. John H. Hart, F.L.S., tho 
Superintendent of the Royal Botanic Garden, at Trinidad, to whom 
we are indebted for a further supply of the material. The plant 
somewhat resembles Jaborandi in appearance, and has been employed 
in Trinidad as a remedy for snake bite, and as a cure for hydrophobia 
in animals. When chewed, it gives rise to a persistent tingling of 
the tongue and lips, which is followed by a sensation of numbness, 
accompanied by profuse salivation, in these respects recalling 
pellitory. Some irritation at the back of the throat is also observed. 
All parts of the plant — leaves, stem, and root — possess this property, 
but the leaves and root appear to act more powerfully than tho stem ; 
the leaves have an aromatic taste due to an essential oil which is 
absent from the root. 

The following is a brief botanical description of Piper ovatum , 
taken partly from Grisebach and partly from our own observations. 

Shrub, 2 — 4 feet high; root woody, spreading. Stems erect, 
slender, somewhat woody, branching in zig-zags, nodes tumid ; leaves 
alternate, 3 — 6 inches long, 2 — 3 inches broad, ovate, pointed, broadly 
enneate at base, papery opaque, glabrous ; petiole channelled, naked, 
about £ — \ inch long. Flowers usually racemose, pedicles jointed 
with the flower. Bracts cucullate, usnally at tho base of a pedicel; 
stamens 4 (—3) inserted round the ovary; stigmas 4, sessile* 
Pericarp baccate, tetragonal. Berries pedicellate, somewhat longer 
than their pedicel, rounded at base, mneronate with a bluntish point. 
Habitat, Trinidad. 

A number of the living plants have been brought to England, in 
Wardian cases, and aro at present growing at Kew Gardens, bat so 
far they have shown no signs of flowering. 

Volatile Constituents. 

As the aromatic taste of the leaves snggested the probability of the 
presence of a volatile oil, the loaves were distilled with steam in the 
usual manner and the distillate extracted with ether. By this means a 
email quantity of an almost colourless, volatile, aromatic oil was ob- 
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tained which was non-alkaloi(lal and did not produce any tingling of 
tlie tongue. When cooled below 0° and stirred, the oil showed no 
tendency to solidify. Its density was 15°/15° = 0*9904}. It boiled at 
about 245°, nearly the whole passing over between 240° and 250°. 
It appears to be optically inactive, since a 6 per cent, solution in 
alcohol produced no rotation of the polarised ray. When dry 
hydrogen chloride was led into a dry ethereal solution of the oil, there 
was no separation of crystals, even after the liquid had been cooled 
to —13°. When a drop of the oil was dissolved in chloroform and 
strong sulphuric acid added, an intense crimson coloration was pro- 
duced, passing into a red dish- violet. Aqueous alkalis did not act on 
the oil, and it formed no compound with sodium hydrogen sulphite. 
We have not had sufficient of the substance for analysis, but from the 
properties recorded above the volatile oil of Piper ovatum would 
appear to be a sesquiterpene. The leaves contain this oil to the 
largest extent, little or none being present in the root or stem. 

Non- volatile Const it neats . 

The liquid remaining with the leaves after distilling ofE the oil 
with steam, though highly coloured, had none of the activity of the 
leaves themselves, and gave rise to little or no tingling when tasted ; 
it was, therefore, clear that the active constituent was not appreciably 
soluble in water, This aqueous solution contained no alkaloid, but a 
sugar having cupric reducing power was present, and also a consider- 
able quantity of potassium nitrate. The leaves having been drained from 
the water were digested for some hours with boiling alcohol (50 per 
cent.), the process being repeated nntil they had lost nearly all their 
tingling property. The green alcoholic solution, which was highly 
active, was evaporated to dryness, the residue extracted with absolute 
alcohol, and the alcoholic solution fractionally precipitated by the 
addition of small quantities of water aided by the evaporation of 
some of the alcohol. The first precipitate contained nearly the whole 
of the chlorophyll, but scarcely any of the active constituent. The 
second precipitate also contained chlorophyll, but was active although 
not nearly so strongly as the filtrate ; this second precipitate was, 
therefore, dissolved in alcohol and reprecipitated by water, the 
filtrate being added to the original filtrate, and the whole evaporated 
until the alcohol had been dissipated. The aqueous solution was 
then extracted by shaking with ether which removed the active 
constituent together with colouring matter. The residue left on 
evaporating the ether was dissolved in alcohol, and the solution 
fractionally precipitated with water, this process being repeated nntil 
the whole of the green colouring matter had been removed. Ether 
then extracted from the liquid, after the evaporation of the alcohol, 
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a light brown resin which was highly active in inducing tingling of 
the tongue and showed no signs of crystallisation even after pro- 
longed standing. 

The similarity in the physiological action of Piper ovatmn to that 
of the medicinal pellitory has already been noticed, and in tho latter 
case the action is usually attributed to a resin, about tho properties 
of which, however, little is known. * The resin obtained from 
P . ovatum was fully examined in the hope of separating some crystal- 
line active substance from it. It was soon found that the resin was 
not a single substance, in spite of the long process of purification to 
which it had already been submitted. It was further purified by 
dissolving it in ether, and fractionally precipitating the ethereal 
solution with light petroleum, in which the active constituent is 
nearly insoluble ; by this means, it was obtained lighter in colour but 
still resinous. The resin was again dissolved in ether, and the solu- 
tion shaken with weak aqueous ammonia, which removed a farther 
quantity of inactive material. After the ethereal solution had been 
dried with calcium chloride, a resin, which was quite inactive, 
separated from the liquid. 

The ethereal solution, when spontaneously evaporated, left a highly 
active substance which, however, was still resinous, and refusod to 
crystallise. The resin was next dissolved in alcohol, and the solu- 
tion fractionally precipitated by the addition of water; the first 
fraction was resinous aud nearly inactive, the later fractions were 
lighter in colour than the first and highly active. On repeating the 
process on the later fraction, a bulky but very light mass of feathery 
crystals separated, which were nearly colourless and more active than 
any substance previously obtained. This material was, with diffi- 
culty, recrystallised several times from dilute alcohol, and lastly 
from hot, light petroleum. A further quantity was obtained from 
the purified resin by shaking the ethereal solution with ammonia* 
dissolving tho residue in alcohol, and precipitating the solution with 
light petroleum, the precipitate being again dissolved in alcohol and 
reprecipit&ted with petroleum until it was capable of crystallising. 

As will be inferred from the details which have been given, tho 
separation of this crystalline active substance from the colouring 
matter, fat, wax, and resin which so obstinately adhere to it 
proved to be a very tedious operation, especially troublesome when 
the object was to obtain a sufficient quantity for analysis. Much 
time was spent in trying various methods of extracting the sub- 
stance from the plant, and in purifying the product; the most 
successful plan was found to be the following, which, however, is* 
still long and laborious. 

* See the following paper. 
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The dried and finely-powdered material (leaves, root, and stem, 
all of which contain the active constituent) is repeatedly extracted 
with hot, light petroleum (boiling below 80°) until the active sub- 
stance is almost entirely removed ; the removal of the last traces is 
very troublesome. The active constituent is not readily soluble in 
light petroleum, but it is found to be advantageous to use this liquid 
because it removes a smeller quantity of other substances than is tho 
case with better solvents of the active constituent, such as alcohol, 
ether, chloroform, or acetone, which dissolve so much colouring 
matter, resin, and fat that the subsequent purification of the active 
substance is very much lengthened. 

The greater part of the light petroleum is distilled from the solu- 
tion, and the residue is well shaken with alcohol (60 per cent.). By 
repeating this operation several times, nearly the whole of the active 
constituent passes into the alcohol, whilst most of the colouring 
matter, fat, essential oil, &c., remains in the layer of petroleum. On 
concentrating the dilute alcoholic solution, a considerable quantity of 
semi-crysl alline active substance separates along with green colour- 
ing matter; this is partially purified by repeated crystallisation 
from dilute alcohol. By this means much of the resin, which so 
obstinately clings to it, is removed, and more is separated by 
shaking an ethereal solution with dilute aqueous ammonia. The 
dried ethereal solution may then be precipitated by the addition of 
small quantities of light petroleum, which throws out the resin in the 
first fraction, whilst the later fractions are crystalline and consist of 
the nearly pure active constituent. Finally, the substance is recrys- 
tallised by adding dry ether to its solution in absolute alcohol, and 
allowing the solution to evaporate spontaneously. The crystals 
which separate are dried on a tile in the air or in a desiccator ; at 
100° a little decomposition occurs, and tho crystals become slightly 
yellow. 

The preparation of sufficient material for analysis occupied a 
very long time, since the best process for isolating it is rather 
wasteful, as some of the active constituent is thrown down along 
with the resin during the fractional precipitation, and requires a 
succession of similar operations in order to recover it. Although we 
have used about 12 kilos, of the plant, we were not able to prepare 
more than about 2 grams of the pure active constituent. In all 
probability the plant does not contain as much as 0*1 per cent, of 
this substance, but it exerts so powerful a physiological action that 
from the effect produced by chewing the leaves or root one is led to 
expect a far larger proportion. 
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"Properties and Composition of the Active Constituent, Piperovabine . 

When pure, the active constituent forms colourless, light needles 
which often crystallise in rosettes. In appearance, these somewhat 
resemble the alkaloid caffeine, and melt at; 123° (corr.), decom- 
posing slightly. The substance is nearly insoluble in water, very 
sparingly soluble in light petroleum, and not much more so in dry 
ether. It dissolves readily in alcohol, chloroform, and acetone. The 
solution of the highly purified substance in strong alcohol has the 
curious property of apparently gelatinising when water is added to 
it in just sufficient quantity to cause precipitation ; the dissolved 
substance being thrown out in a bulky mass of microscopic crystals 
resembling a jelly. On this account it is difficult to obtain it in well- 
defined crystals, but this may be managed by adding dry ether to 
the solution in absolute alcohol, and allowing the liquid to evaporate 
spontaneously. The substance appears to be optically inactive ; an 
alcoholic solution containing 1*5 per cent, did not rotate the polarised 
ray. The compound contains carbon, hydrogen, nitrogen, and 
oxygen. Several combustions have been made with different speci- 
mens of the material, with the following results. 

L 0*1054 gave 0*2813 C0 2 and 0*0858 H 2 0. C = 72*78 ; H = 9*04. 

11.0*2023 „ 0*5335 „ „ 0*1484 „ C = 71*92 ; H = 8*15. 

III. 0*1847 „ 0*4982 „ „ 0*1391 „ C = 73*56 ; H = 8*37. 

IV. 0*1775 „ 0*4810 „ „ 0*1356 „ O = 73*90 ; H = 8*49. 

Of these four combustions, III and IV were made with the 
purest specimens, and give as a mean composition C = 73*73, H = 
8*43 per cent., the percentage of nitrogen (determined by the absolute 
method) was 5*96. These data agree well with those calculated from 
the formula C w H 2 iISr0 2 , which requires 0 = 74*13; H = 8*10; N = 
5*40 per cent. The active constituent exhibits, therefore, the compo- 
sition of a vegetable alkaloid, and shows some resemblance to pipe- 
rine (CnHJCJOa), the alkaloid of pepper, a plant belonging to the 
same natural order. 

Pipeline has very feebly basic properties, and forms salts which are 
very unstable. The substance from Piper ovatum , to which we pro- 
pose to assign the name piperovatine, is devoid of basic properties, 
being nearly insoluble in dilute acids, and therefore, from this point 
of view, does not come within the usual definition of an alkaloid. 
Nevertheless, further investigation will probably show that its con- 
stitution is precisely similar to that of such alkaloids as piperine, 
atropine, and aconitine, that is to say, it would seem from our obser- 
vations to be composed of a basic pyridine nucleus (e.g., piperidine), 
associated with an acid radicle, the acidity of the radicle exactly 
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neutralising the basic power of the other residue, so that the resulting 
derivative is neither basic nor acidic. 

Piperovatine dissolves in glacial acetic acid, but may be precipi- 
tated unchanged by the addition of water. It is insoluble in dilute 
hydrochloric acid and in dilute sulphuric acid; on boiling it with 
these acids, hydrolysis appears to take place, and the solution now 
gives the reactions of an alkaloid, but we have not obtained sufficient of 
the product for identification. It appears, however, to be a pyridine 
derivative, and to present some analogies to piperidine ; there would 
seem to be also an acid product of hydrolysis, but this we have never 
obtained except in traces. 

Piperovatine is also devoid of acid properties. It does not dissolve 
in weak alkalis. Strong alkalis such as potash, especially when warm, 
appear to hydrolyse it, quickly forming the acid and the pyridine base 
referred to above. 

Its decomposition products require a fuller examination than we 
have been able to subject them to with the small quantity of material 
at our disposal. 


Physiological Action of Piperovatine . 

The physiological action of piperovatine has been investigated for 
us by Professor Cash, E.R.S., of Aberdeen. He finds it to act as a 
temporary depressant of both motor and sensory nerve fibres, and 
also of sensory nerve terminations, producing some local anaesthesia. 
It acts as a heart poison, and also as a powerful stimulant to the 
spinal cord (in frogs), causing a tonic spasm somewhat resembling 
that produced by strychnine. 

A 2*5 per cent, solution (in almond oil) produced no anaesthetic 
effect when rubbed on the skin, and it has been found generally to 
possess but little penetrative power, at all events in the form of this 
solution. When, however, the same solution is applied to the tongue, 
moderate local anaesthesia is produced, accompanied by a feeling of 
numbness and coldness, and much salivation. 

In attempting io utilise the local an aesthetic effect of piperovatine, 
the want of penetrating power, the temporary character of its action, 
and, above all, its property of causing salivation, have interfered 
with its successful employment in the minor operations of dentistry. 
The solution of piperovatine in almond oil has, however, given 
promising results in affording temporary relief in painful superficial 
lesions. 

It would therefore seem to be worth while to follow up in thera- 
peutic trials the analogies, suggested by these preliminary experi- 
ments, of the physiological action of piperovatine to that of strychnine, 
cocaine, pilocarpine, and piperine. It is also clear that the action 
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of piperovatine is very similar to that of the medicinal pellitory, 
the Anacydm Pyrethrum of the Pharmacopoeia, and it might be useful 
to determine how far this similarity can he traced, and also whether 
Piper ovatum or its alkaloid piperovatine could be used medicinally in 
the place of pellitory. 

Research Laboratory , 

Pharmaceutical Society , London. 


XIII . — Note on the Active Constituent of the Pellitory 

of Medicine. 

By Wtxoham R. Dunstan, M.A., F.R.S., and Haney Garnett. 

The success which attended our attempt to separate a crystalline, 
physiologically active substance from the “ resin 99 oE Piper ovatum , 
led us to examine the “ resin ” which is usually regarded as the 
active constituent of Anacychis Py rethrum , the root of which is 
used in medicine under the name of “Pellitory.” As has been 
pointed out in the preceding paper on Piper ovatum, there is a strong 
resemblance between the physiological action of these two drugs, 
both producing, when chewed, a persistent tingling and partial 
insensibility of the tongue and neighbouring surfaces, accompanied 
by profuse salivation. 

In 1876, Bnchheim (Archiv. Riper. Pathol 5, 458) separated a 
■crystalline material from pellitory, which he regarded as its active 
constituent and named “ pyrethrine.” The properties of this sub- 
stance were not fully described, and no analysis of it was made, nor 
were its physical constants recorded. Buchheim classed it with the 
piperine group because, on hydrolysis, it furnished what seemed to 
be piperidine and an organic acid, but here again the investigation 
was left in a very incomplete state. Owing, apparently, to their 
fragmentary character, Buchheim’s observations are not even referred 
to in many of the standard treatises on pharmacology and materia 
medica, the statements of the older workers as to the resinous charac- 
ter of the active constituent of pellitory being accepted as correct. 

This being the present state of knowledge of the active principle of 
pellitory, we decided to examine this drug, and determine whether 
its physiological action was due to a crystalline substance, closely 
allied to, if not identical with, piperovatine. 

Our first experiments furnished an amorphous, highly active resin, 
from which no crystalline material could be separated ; but, after 
preparing a considerable quantity of this “ resin ” and submitting it 
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to a process of repeated fractionation, we ultimately obtained a 
crystalline, physiologically active substance, capable of producing 
effects very similar to those caused by piperovatine. This substance, 
like piperovatine, with which, indeed, it may in tho end turn out to 
be identical, has neither basic nor acidic properties. In its behaviour 
towards solvents, it also closely resembles piperovatine, but, since the 
purest specimen we have been able to prepare shows certain points of 
difference as compared with the product from Piper ovatum , we pro- 
pose provisionally to name it pellitorine . It is very probable that it 
is the same substance as that isolated, but very imperfectly examined, 
by Buchheim, Wi 1876, and named by him pyrethrine . Since, how- 
ever, this name has also been used to designate the supposed resinous 
active constituent of pellitory, confusion will be avoided by speak- 
ing of the alkaloid we have separated as “ pellitorine.” 

The process we have adopted for isolating pellitorine from pellitory 
root is very similar to that which we have described in the previous 
paper in connection wiih the separation of piperovatine from Piper 
ovaium, and it is not any less tedious. The main steps are as follows. 

The finely-powdered pellitory root (15 kilos.) was almost exhausted 
of its active constituent by extraction with strong alcohol. The dark 
yellowish-brown solution was then distilled, and nearly all the 
alcohol recovered. The dark, viscid liquid which remained was 
repeatedly shaken with ether, which removed the whole of the active 
constituent, together with a considerable quantity of colouring 
matter. The ethereal solution was next shaken with a solution of 
sodium carbonate (10 per cent.), which dissolved a good deal of 
resin and colouring matter, leaving the active constituent in the 
ether. The residue left on evaporating the other was a brown 
rosin, which, however, deposited some x'oscttes of needle-shaped 
crystals after prolonged standing in a desiccator. These crystals 
closely resembled those obtained from Piper oratnm , and were highly 
active. More crystals were obtained by adding light petroleum to 
some of the ethereal solution, some inactive resin being separated as 
a first fraction. A few more crystals wore also obtained by dissolving 
the resinous residue of tho ethereal solution in alcohol and fraction- 
ally precipitating it with water, as described in our foregoing paper 
in connection with the purification of piperovatine. Pellitoxy root, 
however, contains so much resin that the separation of the crystalline 
pellitorine is a very difficult matter, and, so far, we have not obtained 
more than enough to enable us to compare its chief properties with 
those of piperovatine. In crystalline form, as well as in physiological 
action, there is a very close resemblance, and the solubility of the 
two substances appears to be about the same. 

Both are free from basic and acidic properties ; pellitorine does not 
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dissolve in dilute acids, and, although it is soluble in glacial acetic 
acid, it is, like pip ero vatin e, precipitated unchanged on adding water. 
Boiling dilute acids appear to slowly hydrolyse pellitorino as they do 
piperovatine, and also to give rise to what is apparently a pyridine 
derivative possessing basic properties, which Bucliheim suggested 
might be piperidine. W e have observed that what is apparently 
this same base is present to a small extent in pellitory root. 
Pellitorine is insoluble in dilute alkalis, but strong potash solution 
gradually decomposes it, forming a base like that produced in tho acid 
hydrolysis. The experiments we have made with the small quantity 
of pellitorine at onr disposal lead us to conclude, however, that 
pellitorine is not so readily decomposed by alkalis as piperovatine. 
Moreover, we have not been able to observe the curious gelatinisa- 
tion of pellitorine which is so marked when water is added to a strong 
alcoholic solution of piperovatine. 

Pellitorine deserves a very full examination, not only because 
of its remarkable physiological action, but also on account of the 
close relationship to piperine and to piperovatine, which the results 
of our preliminary examination so strongly suggest. Wo had hoped 
to be able to pursue this subject, but, as the interruption of our joint 
work may prevent this, we have thought it desirable to put on record 
the facts we have ascertained with reference to the nature of the 
ctive principle of pellitory and its relation to that of Pipe* ovaiinn . 

Research Laboratory, 

Pharmaceutical Society , 

London . 


XIV . — Action of certain Acidic Oxides on S(dts of 
Hydroxy-acids . Part I. Metallic Taiirarseuites. 

By G. G. HendersOx, D.Sc., M.A., Professor of Chemistry in tho 
Glasgow and West of Scotland Technical College, and A. It. 
Ewing, PhJD. 

It is usually stated in works of reference that some so-called double 
tartrates of the same type as tartar emetic, hut containing 
arsenic in place of antimony, have been prepared; reference to 
original sources, however, shows that only one of those compounds 
has been investigated with any degree of thoroughness. Hitscheriich, 
by dissolving arsenious oxide in a solution of ammonium hydrogen 
tartrate, obtained a compound to which he ascribed the formula 
NH^AsOJCiHiO^RjO, and the same substance was prepared by 
Werther (J. pr. Oltem., 32, 409) and by Marignac (Ann. des Mines, 
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[5], 15, 288), wlio sliowed it to be isoinorplious with tartar emetic. 
Marignac also attempted to prepare a similar tartrate of potassium and 
arsenic, but only obtained a small quantity of a crystalline substance 
which he did not analyse. Pelouze ( Amaleoi , 44, 100 ) made a some- 
what similar experiment with arsenic acid, in a boiling solution of 
which he dissolved potassium hydrogen tartrate ; on adding alcohol, 
a white crystalline powder, to which he gave the formula 

K ( As 0 2 ) CaH^Oc, 2 3 H 2 O , 

was precipitated. Lastly, in a paper lecently published by Adam 
(Gompt rend., 118 , 1274), it is stated that arsenious acid gives with 
potassium sodium tartrate, as with potassium hydrogen tartrate, “the 
arsenious emetic of Mitseherlicli.” 

In the course of an investigation of the compounds formed by the 
interaction of acidic oxides and salts of various hydroxy-acids, we have 
prepared several compounds of the type of tartar emetic, but with 
arsenic in place of antimony ; the present paper contains an account 
of these substances. 

Arsenious oxide dissolves readily in hot solutions of sodium 
hydrogen tartrate, and interaction occurs according to the equation 
As»0 3 + 2 NaH 04 H 4 0 B = H 2 0 + AsO'NaCJLOs. In order to prepare 
this sodium tartrar .senile, of which the formation is represented in the 
above equation, the calculated quantity of finely-powdered arsenious 
oxide is added to a boiling solution of sodium hydrogen tartrate, and 
after heating for about 15 minutes longer, the almost clear solution is 
filtered and evaporated to a small bulk. On cooling, the salt crys- 
tallises out as a mass of delicate silky needles ; these are collected 
and washed with a little cold water. A further crop of crystals may 
be obtained from the mother liquor by the addition of alcohol. The 
salt is purified by recrystallisation from water or from dilate (50 per 
cent.) alcohol. From the former solvent, it separates in well- 
developed aggregates of needles or pi'isms, from the latter in colour- 
less plates. 

Analysis showed the formnla to bo AsO'XaC^HiOe^HjO. 

Calculated. Found, 

As 24-48 24-72 

1W> .... 14-66 14-78 

The salt becomes anhydrous if heated at 105°, or by exposure in a. 
vacuum over sulphuric acid. It is quite stable when in the solid 
stale, and may even be heated for several hours at temperatures 
approaching 200° without undergoing decomposition. It has a 
rather sweet, not unpleasant taste, is highly poisonous, and is easily 
soluble in water, but insoluble in alcohol.* The aqueous solution is 

* Professor Charteris, of Glasgow University, informs us that he finds the 
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acid, and decomposes sodium carbonate with effervescence, but when- 
ever the neutral point is reached decomposition occurs, arsenious 
oxide being precipitated and normal sodium tartrate left in solution. 
The same effect is produced if an aqueous solution of the salt is 
neutralised with caustic soda. 

The corresponding ammonium salt (the only compound of this 
series previously described) was found to have the composition 
assigned to it by Mitscherlich, namely, AsO (NH*) C 4 Hi06,^ H 2 0, as it 
gave the following figures on analysis. Arsenic, found, 28*29 per cent. ; 
calculated, 28*19 per cent. It is easily prepared in the same way as 
the sodium salt, and can be purified by recrystallisation from dilute 
alcohol, from which it separates in small, glistening needles readily 
soluble in cold water. The salt is less stable than the sodium salt, 
as when it is kept for some time the crystals lose their transparency 
and crumble down, and if then treated with water they are found to 
have decomposed to some extent into arsenious oxido and ammonium 
hydrogen tartrate. 

Potassium tartrarsenite is much more difficult to prepare, owing to its 
great instability in aqueous solution ; this instability is doubtless the 
result of the tendency to form the sparingly soluble potassium hydro- 
gen tartrate, though it is remarkable that the ammonium salt is so 
much more stable, considering that ammonium hydrogen tartrate is 
also sparingly soluble in water. The salt was finally obtained by 
adding arsenious oxide in small quantities at a time to a boiling con- 
centrated solution of potassium hydrogen tartrate until no more was 
dissolved, filtering the hot liquid, allowing it to cool, and then adding 
two volumes of alcohol. A finely crystalline, white powder quickly 
separated, and was at once collected, washed with alcohol, and dried 
on a porous plate. After 12 hours 9 standing, the alcoholic mother 
liquor deposited long, silky needles. Analysis showed that the com- 
position of the needles was practically the same as that of the preci- 
pitate, and the results agreed fairly well with those calculated for the 
formula As0KC*H 4 0 6 ,H s 0. 

Calculated. Pound. 

As 25*34 25*75 

H a O .... 6*08 6*23 

When potassium tartrarsenite is treated with water it is quickly 
decomposed, even in the cold, yielding potassium hydrogen tartrate 1 
and arsenious oxide. It crystallises in long needles from dilute 
alcohol, but apparently undergoes slight decomposition in the 
process. 

physiological action of sodium tartrarsenite to he practically the same as that of 
Inq. arsenical ™ ; it is therefore probable that the salt may find applications in 
medicine. 
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The well-characterised barium salt, Ba(As0CiH 4 06)2>H a 0,is thrown 
•down as a heavy, white, crystalline precipitate when concentrated 
solutions of barium chloride and of the sodium salt are mixed. It 
is only slightly soluble in hot water, and cannot well be recrystal- 
lised, because, like the other salts of this series, it is partially decom- 
posed when treated with much boiling water. It can be obtained in 
the crystalline condition, however, by mixing dilute solutions of 
barium chloride and of the sodium salt, when it is gradually depo- 
sited in the form of delicate, lustrous needles. The analytical 
results were as follows. 

Ba. As. H 2 0. 

Calculated . . . • 21*64 23*09 2*84 

Found 21*55 23*00 3*16 

The corresponding strontium salt is prepared in like manner, but as 
it is much more soluble than the barium salt, concentrated solutions 
must be used. It separates in small, transparent crystals, and is much 
more unstable than the barium salt. Its composition is represented 
by the formula Sr(As0CiH 4 0 6 ) 2 ,H20, (Arsenic, found, 25*23 per 
cent. ; calculated, 25*70 per cent.) 

The calcium salt separates slowly in the form of feathery groups 
of needles when solutions of calcium acetate and sodium tartrarsenite 
are mixed, but it is so unstable in presence of water that it breaks 
up almost at once into calcium tartrate and arsenious oxide. 

Sodium tartrarsenite gives precipitates with solutions of salts of 
the heavy metals, but these appear to be in most cases mixtures of a 
tartrate with arsenious oxide. 

According to Clarke and Stallo (Amer. Chem . J., 2, 319), tartar 
emetic is the potassium salt of an unstable tartrantimonious acid, 
OJEbSbICiHiOe, which must be regarded as a derivative of orthauti- 
monious acid, Sb(OH) 3 , because, when heated with water, it is 
decomposed into this substance and tartaric acid. It therefore 
appeared probable that the compounds described above should 
similarly be regarded as salts of a tart r arsenious acid, 0 H*AslC 4 H 40 6 , 
which would thus be represented as a derivative of the hypothetical 
ortharsenious acid, As(OH)v Several attempts were made to prepare 
iartrarsenious acid, but hitherto it has not boen possible to isolate 
it on account of its instability, although strong evidence of its 
existence in aqueous solution has been obtained. 

As ail the tartrarsenites are decomposed when treated with mineral 
acids in excess, arsenious oxide being precipitated, it is necessary, in 
order to obtain free tartrarsenious acid, that the decomposition of its 
salts should be carried out in such a way as to avoid the least excess 
of the mineral acid. The following method was finally adopted. 
The barium salt, reduced to fine powder, was suspended in about ten 
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times its weight of water, and rather less than the quantity of dilute 
sulphuric acid necessary for its complete decomposition was added 
very gradually and with constant stirring. After some time, the 
precipitated barium sulphate was filtered off, and a clear solution was 
obtained which remained unaltered even after standing for several 
weeks, and was not affected by dilution with four or five times its 
volume of water. The solution was strongly acid, hut contained no 
sulphuric acid, and when hydrogen sulphide was passed through it a 
copious precipitate of arsenious sulphide was thrown down, though 
only a trace of barium tartrarsenite was present in it. There 
seemed to he no doubt, therefore, that the solution contained tarirar- 
senions acid, hut, as already stated, all attempts to isolate the acid 
failed. When a portion of the solution was concentrated on tlio 
water bath, arsenious oxide was deposited and tartaric acid was left 
in solution, and the same change occurred when another portion was 
left to evaporate spontaneously over sulphuric acid. A third portion 
was mixed with an equal volume of alcohol, but after standing for 
two days it decomposed in the same way, whilst another portion 
underwent decomposition when heated to a temperature of 60 — 70°. 
The addition of a drop or two of sulphuric or other mineral acid to 
the solution caused immediate decomposition, and consequent precipi- 
tation of arsenious oxide ; hence the necessity for avoiding excess of 
sulphuric acid in the preparation of tai*tr arsenious acid. The solu- 
tion decomposed sodium carbonate with effervescence, and as soon as 
the neutral point was reached arsenious oxide began to separate, 
whilst disodium tartrate was formed. To a portion of the solution, 
half the quantity of sodium carbonate required for neutralisation was 
added, and the solution thus obtained was divided into two parts ; on 
evaporating one part, crystals of sodium tartrarsenite were obtained, 
and the addition of barium chloride to the other part caused the pre- 
cipitation of the characteristic barium salt. JBVom those experiments, 
it may he concluded that tartrarsenious acid, OHAsOJETiO,;, can exist, 
in aqueous solution, and that, if the solution is not too concentrated, 
it is stable at the ordinary temperature. In confirmation of this 
view, the following quantitative experiment was made. A quantity 
of barium tartrarsenite weighing 6*33 grams was decomposed in the 
manner already described by 2*40 grams of sulphuric acid. The pre- 
cipitate was well washed, the filtrate and washings were made up to 
100 c.c., and the arsenic estimated in aliquot parts of this solution, 
with the result that it was found to contain altogether 1*30 grams of 
arsenic. Now the quantity of sulphuric acid used was sufficient to 
decompose 5*426 grams of the barium salt, which should yield 
4*11 grams of tarti arsenious acid containing 1*29 grams of arsenic* 
The agreement between theory and experiment is so close as to 
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justify the conclusion that the solution contained a definite com- 
pound. 

As regards the constitution of the tartrarsenites, it is not yet 
possible to arrive at a definite conclusion, but it is at least almost 
•certain that they are not double tartrates containing a basic (AsO) 
radicle in place of a metal. We have found that salts of other 
hydroxy-acids interact with arsenious oxide in a similar way to the 
primary tartrates, and yield compounds which are now under investi- 
gation, and further that it is hydroxy-acids alone which are capable 
of behaving in this way. Thus, for example, if arsenious oxide is 
boiled with solutions of primary oxalates or succinates of sodium or 
potassium, no double salt is formed, and nothing occurs except dis- 
solution of some of the arsenious oxide in the water present. Again, 
the formation of the alkali tartrarsenites resembles the formation of 
ethereal salts rather than the production of a simple salt, for it pro- 
ceeds slowly and reaches limits depending on the concentration of the 
solutions and on the relative masses of arsenious oxide and tartrate, 
and the tartrarseniies appear to be all more or less easily decomposed 
by tbe continued action of water. It must be added that this view of 
the constitution of tartrarsenites is supported by the experiments of 
Adam (loc. cit .) with certain hydroxy-acids and such acidic oxides as 
boric oxide. 

It is to be inferred, then, that arsenious oxide enters into action 
with one or both of the alcoholic hydroxyl groups and not with tho 
carboxylic hydroxyl of a primary tartrate, and, if this be admitted, 
two formulae are possible for tartrarsenious acid, namely, (I) 


COOH-CHO 

COOH-CHO 


>As-OH, 


according to which it is a derivative of arsenious acid, and (2) 
COOH*OHO(AsO)*OH(OH)*COOH, in which it is represented as an 
ethereal derivative of tartaric acid. In order to ascertain the basicity 
of the acid, we endeavoured to prepare di- and tri-metallie salts, the 
possible existence of which is indicated by these formulae, but it was 
found that the primary salts alone are sufficiently stable to be isolated. 
A solution of the sodium salt, as stated above, has a strongly acid 
inaction (the other salts have the same property), and on experiment 
it was found that exactly 1 mol. NaOH was required to neutralise a 
solution containing 1 mol. AsONaCiHiOfi. Almost at once, however, 
the disodium salt, which presumably is then formed, breaks up into 
arsenious oxide and disodium tartrate. Experiments at present in 
progress with other hydroxy-acids appear to support the first of the 
formulae given above, but the evidence as yet is not decisive. 

It was to be expected that arsenic acid, also, would form deriva- 
tives corresponding to the taitrarsenites, and to test the matter we 
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prepared the potassium and sodium salts of what may be regarded as 
tartraisenic add. These compounds were obtained by dissolving the 
primary tartrates of potassium and sodium in hot solutions of arsenic 
acid, more than the calculated quantity of the lattor being used. In 
each case dissolution took place readily, and after heating for some- 
time the addition of alcohol threw down white, finely-crystallino pre- 
cipitates. The salts are, however, unstable in aqueous solution, 
except in presence ot arsenic acid, so that it is difficult to get them 
sufficiently pure for analysis; at the same lime, there seems little 
doubt that they are “ iartrarsenates,” of the formulae AsOsM'CiH^Og + 
ajHoO. A fuller investigation of these and other salts is now being 
carried on. 

Chemical Laboratory, 

Glasgow and West of Scotland Technical College. 


XV . — The Condensation of Ethylic Trimethylencdi- 
carboxylate with Ethylic Malonate. 

By W. A. Bone, Ph.D., and W. H. Perkin, jrui. 

When the sodium derivative of ethylic malonate is digested in alco- 
holic solution -with ethylene bromide, the principal product of tho 
action is ethylic wimethylenedicarboxylabe (Trans., 1885, 47, 807), 

20HNa(C00Bt) a + OHsBr*GH s Br 

= 9®>C(COOEt) 3 + OH 3 (COOEt), + 2NaBr, 

but at the same time, ethylic butanetetracarboxylate is formed in small 
quantity, 

2(COOEt) 3 CHNa + BrCH a -CHJBr 

= (OOOEt)20H*OH a *OH/CH(COOEt) 3 + 2NaBr. 

Although the amount of this ethereal salt, thus obtained, is always 
very small, seldom being more than 3 per cent, of the theoretical, 
it is so valuable for synthetical work that numerous experi- 
ments were made, with the object of improving the yield, andi 
ultimately a satisfactory method was devised, which is described in 
detail in a paper published a short time since (Trans., 1894, 65, 
578). It was there shown that, if ethylene chloride bensed instead of 
ethylene bromide, a distinct increase in the yield of ethylic buianc- 
tetracarboxylate is obtained ; but the principal product in this case 
also appears to be ethylic trimethylenedicaihoxylate, much ethylic 
malonate being recovered unchanged. If, now, tho mixture of tbe> 
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two substances, thus recovered, be again heated with sodium ethoxide 
and ethylene chloride, as described in detail in the paper referred to, 
tho yield of cthylic butanetefcracarboxylate is enormously increased, 
amounting, as it frequently does, to 50 per cent, of the product.* 
The reason for this remarkable increase has now been ascertained, 
and it has been found that the addition of ethylene chloride in 
the second instance is unnecessary ; for when ethylic trimethylene- 
dicarboxylate and ethylic malonate are heated with sodium ethoxide, 
they react readily, forming ethylic bntaneteti*acarboxylate. 

(ooomvoa + Sh;> c (° 00 e ‘)-=K[cS- 


That the product really has this constitution is readily proved by 
hydrolysing it with alcoholic potash and subsequently heating the 
butanetetracarboxylic acid at 200°, when adipic acid is quantitatively 
formed, thus. 

(COOH) a CH-GH 2 -CH 2 -CH(COOH) 2 = 

COOH-CH/CH 3 *CH 2 -CH 2 -COOH + 2CO,. 


It is a well-known fact that the ethereal salts of unsaturated acids, 
in which the double or treble linking is situated between two carbon 
atoms, one of which is directly united to the carboxyl group, readily- 
act on ethylic malonate in the presence of sodium ethoxide, with 
formation of condensation products (Michael, J. pr, Ghem., 35, [2], 
349 ; Auwers, JBer., 1891, 24, 307, 1923, 2887 ; and others). 

A mixture of ethylic fnmarate and ethylic malonate, for example, 
when heated with sodium ethoxide, yield ethylic propanetetracar- 
boxylate,+ 

COOEt-OH CH(COOEt) s _ COOEt-CH-CH(COOEt) 2 

COOlt-CH H COOEt-OH, 


and this action appears to be general, and shown by all a/J-unsatu 
rated acids, but not by those which, like allylacetic acid, 

OH 2 :OH*CH a *CH 2 *OOOH, 

contain the double linking in any other position. 

Obviously, then, in condensing with ethylic malonate to form* 
ethylic butanotetracarboxylate, ethylic trimethylenedicarboxylate be- 
haves exactly as if it were the ethereal salt of an a/3-unsaturated acid, 
and this remarkable condensation is very interesting in view of its 
bearing on the constitution of ethylic trimethylenedicarboxylate. 


* la the description of this process (loo. dh, p. 579, line 9), instead of “four 
bottles,” read “ eight bottles.” 

t In all these actions, for the sake of simplicity, the intermediate formation of 
the sodium derivatives of the ethereal salts has not been represented. 
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As representing the constitution of this product of the action of 
ethylene bromide on ethyl ic malonate, two formulae have boon pro- 


posed, namely, 
fi-pr 

L 6£ >C(COOE ° 3 - 
II. CH 3 :CH-CH(COOEfc) s . 


Ethylic tnmHhylcnedi ra rh / vylah », 
Perkin (Trans., 1885, 47, 817). 

Ethylic mnylmalonnle , Fit tig 
(Annalen, 1885, 227, 25). 


The dibasic acid derived from this ethereal salt, on hydrolysis, 
must, therefore, be either trimethylenedicarboxylic acid, 

jg>C(COOH), (I), 

or vinylmalonic acid, CH 2 ;CH'OH(COOH) 2 (II). 

As the result of a long series of investigations, it has beon clearly 
proved that these substances are trimethylene derivatives, and not 
unsatui-ated compounds, and this view is now generally adopted (see 
JBeihtein’s Eandbvch , Band I, 711, and Victor Meyer and Paul 
Jacobson, Lehrbuch der Organischen Qhemie, Band II, 18). 

No doubt, in many respects, these and other trimethylene deriva- 
tives behave like nnsaturated compounds,* forming additive com- 
pounds with bromine, hydrogen bromide, sulphuric acid, &c., whilst, 
on the other hand, they exhibit properties which preclude the possi- 
bility of their being ordinary nnsaturated compounds, and, in fact, 
their whole behaviour is in complete harmony with thoir constitution 
as trimethylene derivatives, as Baeyer has indicated in his *' Span- 
nung’s Theorie” (Ber, 9 1885, 18, 2277 ; compare Trans., 1894, 951). 
The formation of ethylic butanetetracarboxylate from ctliylic malonate 
and ethylic trimethylenedicarboxylate, as described above, is a further 
proof of the correctness of this view, and can only ho explained on 
the assumption that the latter ethereal salt has the constitution 
OH 

£ H ’>C(COOEtV 

When trimethylonediearboxylic acid yields additive products, it 
behaves exactly as if it were an a/9-nnsaturated acid; for example, 
with hydrogen bromide it yields w-bvomethylmalonic acid, 

CH 

. h >C(C°OH ) 2 + HBr = BrOH 8 -CH 2 -OH(COOH) s , 


* It is the intention of one of us, on a future occasion, to give a abort summary 
■of the methods of formation and of the properties of trimethylene compounds in 
order, if possible, to show dearly the points of similarity and difference between 
these compounds and unsaturated substances. 
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and, when warmed with dilute snlphnric acid, it is converted into 
carbobutyrolactonic acid, j 

9® 2 >C(COOH) s + H,0 = OH-CH 2 -CH 2 -CH(COOH) 2 . 

trJtljj a pa 

0 

So also in the present instance, when ethylic trimethylenedicarboxy- 
late combines with ethylic malonate fco form ethylic butanetetra- 
carboxylate, it behaves like the ethereal salt of an a^-nnsafcnra ted 
acid, and, on this assumption, the action becomes perfectly clear, and 
is represented in its simplest form, thus. 


(COOEt) 3 CH 3 + 


Xtt >C(COOEt)» = 

vJCla a 
0 

(COOEt) 2 CH-CH 3 'GH a -OH(COOEtV 

0 a 


Similarly, when the sodium derivative of ethylic methylmalonate 
is employed, ethylic methylbutanetetracarboxylate, 

(OOOEt) 3 CMe-CH 2 rCH 3 -OH(COOEt) 2 , 
is formed, and other trimethylenecarboxylic derivatives appear to 
behave in like manner, clearly showing that they are not /*y-unsatu- 
rated compounds, as suggested by Eittig. 

It is interesting to note here that condensation does not take 
place when a mixture of ethylic tetramethylenedicarboxylate, 
■CH>CH 

OH^CCCOOEt)* aT1<i malonate is heated with sodium ethylate- 

Inclnded in this paper is an account of the physical properties of 

OH 

“trimethylenecarboxylic acid, ^^ 2 >CH>COOII, the determination of 

which, as well as the further study of the chemical properties of the 
substance, show clearly its relationship to the dicarboxylic acid, 

^ 2 >C(COOH) 3 , from which it is prepared, and support the view 

that it is a derivative of trim ethylene, and not an unsaturated com- 
pound. 

We are engaged on a further study of the behaviour of triraethyl- 
one derivatives towards ethylic malouate, ethylic acetoacetate, and 
•other allied compounds. 


Condensation of Ethylic 1 : 1 -Trimethylenedicarboxylate with Ethylic 

Malonate . 

The ethylic trimethylenedicarboxylate required for these experi- 
ments was prepared by heating the sodium derivative of ethylic 
malonate with ethylene dibromide in alcoholic solution under pr$g- 
VOL. LXVU* r 
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sure for 8 — 10 hour* at 100° ; the details of tlie process are similar 
to those already given (Trans., 1883, 47, 808), about 350 grams of 
efhylic malonate Being used. ! The product, after being extracted 
with ether in the usual way, was very carefully fractionated af 
ordinary pressure, and about 240 grams, distilling over between 18() f 
and 225°, collected. This fraction was mixed with a solution of 
17 grams of sodium in absolute alcohol and 72 grams of ethylene 
dibromide, and the mixture heated in three soda-water bottles 
at 100° for five hours; the product, isolated and extracted in the 
usual manner, was submitted to a careful fractionation undor 
the ordinary pressure. About 195 grains distilled between 180° 
and 225°, of which at least two-thirds came over above 200°. Of 
this fraction, approximately one-third was considered to consist of 
unchanged ethylic malonate and two-thirds of ethylic trimethylone- 
dicarboxylate (b. p. 208°). 

Fifty grains of this product jwere now mixed with 30 grams of 
ethylic malonate, the mixture added to a solution of 7 grams of 
sodium dissolved in 90 grams of absolute alcohol, and this solution of 
ethylic trimethylenedicarboxylate with the sodium derivative of 
ethylic malonate heated in soda-water bottles at 100° for eight 
hours. As much as possible of the alcohol having been distilled off, 
the dark red residue was mixed with water and acidified with dilute 
hydrochloric acid ; the thick, reddish oil which separated was extracted 
with ether, and the ethereal solution, after being well washed with 
water and dilute sodium carbonate solution, was dried over calcium 
chloride, and the ether distilled off. The residual red oil was now 
fractionated under reduced pressure (40 mm.), when about a quarter 
of the whole passed over below 180°, and was found, on examination, 
to consist of a mixture of ethylic 1 : 1-trimethylenedicarhoxylato and 
ethylic malonate. The temperature then rose rapidly, and from 60 
to 70 grams passed over between 210° and 240°. A small quantity 
of this oil, collected at 238 — 240° (40 mm.), gave the following 
results on analysis, showing it to consist of ethylic bufcanototru- 
carboxylate. 

Found. Theory. C Jfa H J0 O 8 . 

C ....... . 55*21 per cent. 55'49 per cent. 

H 7*60 „ 7*51 „ 

Hydrolysis of the Oil . — In order to prove that this oil was ethylic 
butanetetracarboxylate, it was mixed with three times its volume of 
concentrated hydrochloric add, glacial acetic acid added until the oil 
just dissolved, and the whole digested several hours in a reflux 
apparatus on a sand bath ; steam was then driven through the liquid 
until the whole of the acetic acid had been removed, and the solution 
filtered and evaporated to a small bulk on the water bath. After 



OF ETHYLIC TRIMETHYLENEDIOA.RBOXYLiA.TE. 


113 


a time, crystals formed ; these were separated from, the mother 
liquor, redissolved in water, and the aqueous solution boiled with 
animal charcoal; the solution was then filtered and concentrated 
until crystallisation commenced. On standing, colourless crystal** 
were deposited, which melted at 149°, and resembled adipic acid in 
all respects. Analysis. 


Found. Theory. C b H X0 O|. 

C 49*01 per cent. 49*31 per cent. 

H 6 87 „ 6*85 


This formation of adipic acid proves conclusively that ethylic 
butanetetracarboxylate had been formed by the condensation of 
ethylic trimethylenedicarboxylate with ethylic malonate, thus. 


H 2 C 


ch 3 

^C(COOEt) s + CH.< 


COOEt 

COOEt 


CH s -CH(COOEt), 
OHi’CH (C00Et) 3 


We have also prepared ethylic butanetetracarboxylate from tbe 
low boiling product of the action of ethylene dichloride on the 
sodium derivative of ethylic malonate (Trans., 1894, 65, 579). For 
this purpose, 94 grams of the product which, after a second fractiona- 
tion, distilled over between 200° and 230° (under ordinary atmo- 
spheric pressure), was mixed with a solutiou of 6*5 grams of sodium 
in 80 grams of absolute alcohol, and heated for nine hours at 100° in 
a soda-water bottle. It was then poured into water, the solution 
acidified with dilute hydrochloric acid, aud the heavy oil which 
separated extracted with ether; the ethereal solution, after being 
washed with a dilute solution of sodinm carbonate and with water, 
was dried over calcium chloride, and the ether distilled off. Tlio 
oily residue was first distilled under the ordinary pressure, when 30 
grams came over below 230° ; tbe distillation was then continued 
under reduced pressure (70 mm.), when tlio oil began to pass over at 
180*, and two fractions were collected, one at 180 — 225°, and the 
other at 225 — 240°. 

This higher fraction (225 — 240°), when hydrolysed by means of a 
mixture of concentrated hydrochloric and glacial acetic acids in the 
manner already described, yielded colourless crystals melting at 
149*5°, and possessing all tbe properties of adipic acid. 

Analysis of the acid gave the following numbers. 


Found. 

48*84 per cent. 


6*73 


Calculated for 
adipic acid. 

49*31 per cent. 
6*85 „ 


Carbon .. 
Hydrogen 


99 
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Condensation of Ethylic Tnmethylenedicm'bo'cylate with Etlnjlic Methyl - 
malonate . Formation of EtJiylic Methyll) utanetetracarbo i ylate, 
(000£t),0Mo-0H 2 -CHo-CH(000Et),. 

In order to bring further evidence in support of this remarkable 
property of ethylic trimethylenediearboxylate, experiments woro tried 
with the object of obtaining a condensation product from this com- 
pound and ethylic methylmalonate. In doing this, it was found 
to be unnecessary to isolate the ethylic trimethylenediearboxylate. 
provided all the ethylic malonate in the mixture of this substance 
with ethylic trimethylenediearboxylate (p. 112) was converted into 
the mono- or di-methyl derivative. To effect this, 180 grams of the 
mixture was added to a solution of 12*6 grams of sodium in 160 grams 
o£ ethylic alcohol, then 80 grams of methylic iodide, and the whole 
heated on the water bath in a reflux apparatus for one hour ; in this 
way, the ethylic malonate present was completely transformed into 
the mono- or di-methyl derivative, the large quantity of sodium 
ethylate and methylic iodide employed ensuring the complete con- 
version of the ethylic malonate. After the excess of alcohol had 
been distilled off on the water bath, the product was poured into 
water, and the oil which separated was extracted with ether. The 
ethereal solution, after being well washed with a dilute solution of 
sodium thiosulphate, to remove iodine, and then with water, was 
dried over calcium chloride, and the ether distilled off; the oily 
residue, on fractionation, yielded a colourless oil distilling between 
180° and 220°. 90 grams of this oil was mixed with 40 grams of 
ethylic methylmalonate, the whole added to 12 grams of sodium 
dissolved in 150 grams of absolute alcohol, and the mixture heated in 
soda-water bottles for 10 hours at 100°. After distilling off as muck 
alcohol as possible on the water bath, the product was poured into 
water, acidified with dilute hydrochloric acid, and extracted with 
ether. The ethereal solution, after being well washed with dilute 
sodium carbonate solution and with water, was dried over calcium 
chloride, and the ether distilled off. The residual oil, when distilled 
under reduced pressure (40 mm.), gave 60 grams of distillate below 
180° ; the thermometer then rose rapidly, and 25 grams came over 
between 200° and 250° ; the greater portion of this, when refrac- 
tionated, passed over at 240° (40 mm.), and was analysed with the 
following results. 


Calculated for 

Found. C I7 ir*,0 8 . 

Carbon 56*09 per cent. 56*66 per cent. 

Hydrogen 7*81 „ 7*7 7 „ 


The oil is therefore ethylic methylbutanetetracarboxylate, and 
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its constitution is proved by tbe fact that, on hydrolysis and subse- 
quent distillation, it yields a-methyladipic acid, 

COOH-CHMe*CH 2 -CH 3 *CH 3 -COOH. 

cc-Methyladipic acid . 

Hydrolysis of the Oil . — Twenty-five grams of the oily ethylic 
methylbutanetetracarboxylate just described were carefully added to 
a well-cooled solution of 25 grams of potassium hydroxide in methylic 
alcohol. Yery little action took place in the cold, but on heating in 
a reflux apparatus on tbe water bath, the potassium salt of the acid 
separated in minute crystals. After heating for eight hours, the pro- 
duct was poured into water, the liquid evaporated until free from 
methylic alcohol, and the solution, which should be as concen- 
trated as possible, was acidified with hydrochloric acid, and extracted 
several times with pure ether. The ethereal solution, after being 
dried over calcium chloride and evaporated, left a thick, almost 
colourless syrup, presumably methylbutanetetracarboxylic acid. 
This, when distilled under reduced pressure (60 mm.), evolved 
carbon dioxide, a colourless acid distilling over between 250° and 
260° ; the latter, on being allowed to remain over night, solidified 
to a white crystalline mass of nearly pure a-methyladipic acid, which 
was spread out on a porous plate and allowed to stand for some days, 
until free from oily mother liquor. Great difficulty was experienced 
in recrystallising this acid, owing to its excessive solubility, and the 
slight tendency it has to crystallise, in which respect it differs in a 
marked manner from adipic acid. The most satisfactory results 
were obtained by dissolving the acid in a very small quantity of 
water, and evaporating in a vacuum over concentrated sulphuric acid; 
the thick syrup which was left deposited ill-defined nodular masses 
when left for a week or more in a vacuum ; these were dried, first on 
a porous plate, then in a vacuum over sulphuric acid, and analysed. 

Theory. 

Found. COOH-CHMe*CH 5 -OH 3 CHa-OOOir. 

Carbon. . 52*10 per cent* 52*50 per cent. 

Hydrogen .... 7*34 „ 7*50 „ 

o-Methyladipic acid melts at about 64°, but this melting point 
must be taken as only approximate, owing to the difficulty expe- 
rienced in recrystallising the acid. 

It is excessively soluble in water, readily in alcohol and ether, and 
sparingly in cold, but readily in hot benzene or light petroleum. If 
the benzene solution be allowed to evaporate slowly in the air, the 
acid separates in stellate .groups of minute foliated crystals. 
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Salts of a-Meihyladipic acid. 

Qalcium Salt — This differs from the corresponding salt of adipic 
acid in being somewhat readily soluble in water; no precipitate is 
formed on adding excess of a concentrated solution of calcium 
chloride to a neutral solution of the ammonium salt of the acid, but 
on carefully concentrating the mixture on the water bath, the calcium 
salt separates in colourless needles. 

Silver Salt . — On adding a solution of silver nitrate to the neuti*al 
solution of the ammonium salt, a white precipitate of the silver salt is 
formed immediately. It is moderately soluble in hot, but only slightly 
in cold water. For analyses, the salt was dried, first on a porous 
plate, and then in a vacuum over sulphuric acid ; it may bo exposed 
to diffused daylight for several hours without any change in colour, 
and may be dried at 100° without any perceptible decomposition. 

The salt was analysed in two ways : (I) it was decomposed by dilute 
nitric acid, and the silver precipitated by dilute hydrochloric acid ; 
(II) it was carefully ignited, and the residual silver weighed. 

Calculated for C 7 Hio 04 Ag 3 . . Silver = 57*75 per cent. 

Found „ (I) 57*78 ; (II) 57*81 per cent. 

It seemed interesting and important to ascertain whether this 
remarkable property of trimethylene compounds of forming additive 
compounds with ethylic malonate is shared by the corresponding 
tetramethylene derivatives. We accordingly prepared ethylic 1 : 1- 
tetramethylenedicarboxylate by the action of trimethylcne bromide 
on the sodium compound of ethylic malonate, the details of the 
method have already been given by one of us (Trans., 1887, 51, 2). 
This was then mixed with the calculated quantity of ethylic 
malonate and sodium ethylate, in alcoholic solution, and the whole 
was heated in a sealed tube for nine hours at 100°. On isolating the 
product in the usual manner, it was found to consist entirely of 
ethylic malonate and tetramethylenedicarboxylate. Evidently, then 
under these circumstances detailed in this paper, the tetramethylene is 
much more stable tlian the trimethylene ring. 

Trimetlujleuecarboxylic acid , ?^ 8 >OH*COOH. 

The properties of this important derivative of trimethyleno have, 
so far, not been carefully studied;* and it therefore appeared to us 
that it would be interesting to prepare as pure a sample as possible 

* The work already done on this acid is contained in the following papers * 
Fittig and Boeder, Annalen, 1885, 227, 25; W. H> Perkin, inn., Ber 1884.17 
67 ; and 1885, 18, 1738 ; Trans., 1885, 47, 815. '* ™ * 
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of the substance, in order that its physical constants might lie 
determined. 

For this purpose, 1 : 1 -trim ethyl encdicarboxylic acid was highly 
purified and submitted to distillation ; the distillate, consisting of a 
mixture of trimethylenecarboxylic acid and butyrolactone, was then 
dissolved in water, sodium carbonate added until the liquid was 
alkaline, and the butyrolactone removed by repeated extraction with 
purified ether. The alkaline solution was next acidified, and the 
trimethylenecarboxylic acid extracted with pure ether; the ether 
having been distilled off, the treatment with sodium carbonate was 
repeated, in order to remove the last traces of butyrolactone, and the 
acid finally purified by careful fractionation. 

The portion boiling at 182 — 183° — that used in the experiment 
described below — gave the following results on analysis. 


Fouud. Theory. C^HgO*. 

0 55*57 per cent. 55*81 per cent. 

H 7*13 „ 6*98 


Trimethylenecarboxylic acid is miscible with water in all propor- 
tions; the “dissociation constant 99 was kindly determined by Dr. 
Walker, who found k =» 0*0014 ; but the results were not quite so 
sharp as could have been wished, owing, possibly, to slight decom- 
position of the acid in aqueous solution. 

The determinations of the density, magnetic rotation, and refractive 
power of this acid were carried out by W. H. Perkin, sen., with the 
following results. 


Relative Density Determinations. 

d4°/4° = 1*1024. d 10710° = 1*0966. d 15715° = 1*0923. 
d 20720 0 = 1*0884. A 25725° = 1*0848. 

Magnetic Rotation. 

This was twice determined, and the numbers given are the moan 
of 64 readings. 

t. Sp. rotation. Mol. rotation. 

18*6° 0*9443 4*141 

The value estimated as butyric acid minus H 2 , assuming the acid 
to he saturated, is 3*964 ; on the other hand, an unsaturated acid of 
this formula would have the calculated value 5*584. a-Orotonic acid, 
CHs*CHICH*COOH, calculated from the magnetic rotation of its 
ethylic salt, has the value 5*589. These numbers, therefore, prove 
clearly that trimethylenecarboxylic acid cannot he an unsaturated 
acid. 
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Ref active Powei. 


Lino ft. d a 

A 1*43196 0 39649 34*098 

Ha 1*43500 0*39928 34*338 

D 1*43763 0*40170 34*546 

H/b 1*44388 0*40743 35*039 

H y 1*44910 0*41222 35*451 

H (estimated) . • — — 35*800 

The dispersion H — A is about 1*70. 


The formula C4H 6 0 2j estimated for A by Gladstone’s value, requires, 
if saturated, 34*00, if unsaturated, 35*10; by Bruhl’s value for Ha, if 
saturated, 34*00, but if unsaturated, 36 3. The experimental result 
hns confirms the constitution deduced from tbe magnetic rotation 
determinations, showing that trimethylenecarboxylic acid cannot be 
an unsaturated compound. 

In connection with this point, the behaviour of this acid towards 
permanganate in alkaline solution is also interesting. 

If the pure acid be dissolved in a slight excess of sodium carbon- 
ate at 0°, the solution will not decolorise permanganate at once, hut 
does so on long standing, and very rapidly if the solution is gently 
warmed. The acid is much more stable towards permanganate than 
an unsatnrated acid, but is, on the other hand, much more readily 
oxidised than the corresponding tetramethylenecarboxylic acid ; this 
is what might he expected, from the study of the chemical properties 
of the two acids. 

Action of Hydrogen Bromide on TrimetTiylcnecai Jumjlic acid . Forma- 
tion of y-Bromobutyoic acid , CH 2 Br*CH 2 ’CH 2 'COOH. 

Trimeihylenecaiboxylic acid dissolves readily in fuming hydro- 
bromic add with slight development of heat, and there is apparently 
little action in the cold ; on heating in a sealed tube at 175°, however, 
decomposition takes place readily, and the contents of the tube 
separate into two layers. The product was poured into water, the 
oily layer extracted with ether, and the ethereal solution well washed 
with water and dried over calcium chloride; on evaporating, an 
almost colourless oil was obtained, which solidified to a mass of 
crystals on eooling; these, after standing over sulphuric acid in a 
vacuum, in contact with porons porcelain; became colourless, and, on 
analysis, gave the following results. 

Found. Theory. C 4 H-BrO> 

Br 48*32 per cent. 47*90 per cent. 

This substance melts at 33 — 35°, and is obviously identical with 
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the 7 -bromobntyric acid, melting at 32 — 33°, obtained by Henry 
(Bull. Soc . Chi m., 46, 65) from 7 -butyrolactone, by the action of 
hydrobromic acid. 

This experiment shows that trimethylenedicarboxylic acid and 
trimethylenemonocarboxylic acid behave similarly when treated with 
hydrobromic acid, both yielding 7 -bromo-additive products. 

Owens College Chemical Laboratory , 

Manchester . 


XVI. — cis- and tmns-Hexahydro-orthotoluic Acids. 

By W. Goodwin and W. H. Perkin, jun. 

Some time since, one of ns, in conjunction with P. C. Fnira (Trans., 
1888, 53, 208), prepared a methylhexamethylenecarboxylic acid 

CH a 

HjC^ DH-CHj 

(hexahydro-orthotoluic acid), | J , from the product of 

H a C GH'COOH 
\/ 
oh 3 

the action of methylpentamethylene dibromide, 

CH 3 -CHBrCH 8 *CH 2 -CH 2 -0H 2 Br, 

on the sodium derivative of ethylic malonate, and described it as a 
colourless oil boiling at 235 — 236°. 

Recently Markownikoff (J. pr. Chem 1894, 49, 65) has studied tlie 
reduction products of orthotoluic acid, obtained by treating a boiling 
solution of the acid in amylic alcohol with a large excess of sodium, 
and has isolated a hexabydro-orthotoluic acid, which boils at 240° y 
and solidifies readily on cooling, the pure acid melting at 50 — 52° ; no 
mention whatever is made of the work of Perkin and Freer, the 
author being apparently ignorant of its existence. 

Tho wide difference in properties between the synthetical add and 
the acid obtained by reduction made it desirable that the whole 
subject should be reinvestigated, with a view of determining whether 
those acids are in reality isomeric, and if so, what the nature of the 
isomerism is ; with this object in view, we, in tho first place, prepared 
Markownikoffs acid, following this author’s directions as closely as 
possible. 

As the result of a careful examination of this acid, we are able to 
confirm his description of its properties in every particular. Perhaps 
the most important property, in view of the present question of 
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isomerism, is tlie ease with which the acid solidifies after distillation, 
even when not quite pure. We prepared also the anilide of the acid, 
C^-OO-NH-CeH,, which has not hitherto been described, in order to 
compare it with the anilide of the synthetical acid; it crybtallises 
beautifully from light petroleum, and melts at 148°. 

In discussing the question of the isomerism of those two adds, it 
will be necessary to show, in the first place, that the acid described 
by Freer and Perkin is a hexabydro-orthotoluic acid, and therefore 
structurally identical with Marko wnikoif’s acid, and, in order to do 
this, it will he well to give briefly the method by which it was 
synthesised. 

The starting point in the synthesis is acetohntylic alcohol. This 
is prepared by digesting met hyl dehydrohex one carboxy li c acid with 
water as long as carbon dioxide is evolved (Trans., 1889, 51, 718), 
when the following decomposition takes place. 

CM-O-OH, _ CH/OO 

COOH-OCH a -CH a + * ~ CHj’OHj'OHj -OH 

That the ketonic alcohol obtained is, in reality, acetobutylic alcohol, 
is proved by its behaviour on oxidation ; chromic acid converting it, 
in the first place, into acetobutyric acid, CH 8 *CO*CH 2 *CH 2 *CH 2 *COOH, 
which, on further oxidation, yields acetic and succinic acids (loc. cit 
p. 719). 

Acetobutylic alcohol is readily reduced by sodium amalgam, form- 
ing 8-hexylene glycol CH s ‘CH(OH)*OH 2 *CH 2 *CH 2 -CB[ 3 -OH, from 
which, by the action of fuming hydrobromic acid, 8-hexylene di- 
bromide is obtained ; the latter, judging from the manner in which it 
is formed, evidently must be represented by the formula 

OH 3 -CHBr-GH 3 -CH 2 -CH 2 -CH 2 Br. 

If, now, the sodium derivative of ethylio malonaie bo digested with 
this dibromide, an action will take place readily, ethylio methylhexn- 
methylene dicarboxylate being produced thus 

2CH3Na(COOEt) 2 + CH 3 -CHBrCH 2 -CH 3 -CH 2 -OH 2 Br = 
CH 8 -CH 2 -CE>CH S 

<WcH,-8(COOEt) a + 0H *( 000Et J* + 2NaBr. 

This ethereal salt, on hydrolysis, yields the corresponding' dibasic 
aoid, which, when distilled, is decomposed with formation of mothyl- 
hexamethyleneoarboxylie acid or hexahydro-orthotoluic acid. 

OH a -CH 2 ^H-CH 8 _ CH/OHj-OH-CHj 
OH a -CH a -C(COOH) a OHj-CHs-CH-COOH + C0 ** 

If this synthesis he carefully considered, it is difficult to see how 
the add obtained can possibly have any other constitution than that 



CIS- AND TRANS-HEXAHYDRO-ORTHOTOLIEC ACJDS. 121 


of a hexahydro-orthotoluic acid ; unless, indeed, it be an un saturated 
acid. This alternative has already been discussed (Trans., 1888, 53, 
208), and it was shown that the magnetic rotation of the acid clearly 
proves that it cannot be nn saturated ; this has since been confirmed 
by the discovery that the sodium salt of the acid does not decolorise 
potassium permanganate (Baeyer, Annalen , 1888, 245, 148). 

The anilide of the synthetical acid* C 7 H I3 CO*NH*C 6 H 6 , melts at 
06 — 68°, and differs in its properties widely from the anilide ob- 
tained by Markownikoff, which, as already stated, melts at 148°. 

From the above statement it most be assumed that the synthetical 
acid and Markownikoff’s hexahydro-orthotoluic acid are structurally 
identical; obviously then the cause of the well-marked isomerism 
must be sought in other than purely chemical reasons. 

A careful examination of the formula of hexahydro-orthotoluic 
acid indicates at once that this acid, Jike hexahydrophthalic acid, may 
exist in two stereoisomeric modifications 


Mg/ Va 
fc!-coai 
h /n cooh 

c-iVHcialijdi-ophtLalic acid. 


% 

“a/ Va 

COOll'Nl 

^i-«»s-Hoxaliydroplithalic acid. 




lt^coon 

c w-Hcxaliydro-orlhot oluic acid. 


Hg^^CHs 

cooh'^h 

/ ra ns-1 1 cxabydro-orthotoluic acid. 


The two modifications of hexahydrophthalic acid (Baeyer, Annalen, 
1890, 258, 169) arc well defined, and it is improbable that the sub- 
stitution of a methyl or other alkyl group for one carboxyl group in 
this acid would greatly affect the conditions of isomerism, because 
crotonic acid, CH 3 *CH’.CH*COOH, and cinnamic acid, 

o 6 h 5 -oh:ch-cooh, 

which are derived from fumaric acid in this way, exist in stereo- 
isomeric forms. 

In connection with this point, it is interesting to note that Baeyer 
and Rassow (Armalen, 1894, 282, 139) have lately shown that para- 
phenylhexahydrobenzoic acid, like hexabydroterephthalic acid, exists 
in two well-defined stereoisomeric modifications which melt at 
111 — 113° and 202° respectively. 
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vC e H 5 

°> 

/CeBe 


\ 

•H a 

Y 

j H a 

=»\ 

/ 

H* 


/Hfi 

H' 

^coon 

coon/ 

'•n 


cis-jp-Phenylhexaliydrobenzoic acid. ^ra«^-Plieny3hexabydrobonzoic acid* 

These acids are partially convertible into one another by heating’ 
with hydrochloric acid ; in any case, whether the acid of high melting 
point or of low melting point is used in the experiment, a condition 
of equilibrium results, when the product contains 90 per cent, of the 
former and 10 per cent, of the latter. 

In order to show, if possible, that the difference in properties 
between the two hexahydrotoluic acids was due to stereoisomerism T 
each was heated with hydrochloric acid at 200°, bnt without any 
apparent change, as the solid acid after this treatment and subsequent 
refractionation again solidified almost completely, and the liquid acid 
after similar treatment, even when allowed to remain for some time 
at — 10° in contact with a crystal of the solid acid, showed no signs of 
crystallisation. The same result was always obtained whenever the 
acids were heated, either with hydrochloric acid or with quinoline, ai 
various temperatures and under various conditions. 

Ultimately it was found that the solid acid, although crystallising 
with such facility when pure, if mixed with small quantities of the 
liquid acid, does not solidify at all at — 10°, and therefore if, in the 
above experiments, a partial change of the one isomeridc into the* 
other had taken place, the detection of the change by freezing ex- 
periments would scarcely be possible ; the conversion of the liquid 
acid into the solid acid was ultimately proved to have taken place in 
the following manner. A. small quantity of the liquid acid which had 
been twice heated with hydrochloric acid at 200°, and subsequently 
boiled with quinoline for two days, was converted into the acid 
chloride by means of phosphorus pentachloride, and from this the 
anilide was prepared. The crystalline product showed no definite 
melting point, bnt on repeated treatment with small quantities of cold 
ether, the melting point gradually rose until ultimately the residual 
colourless substance melted at 143— 145°, and consisted of the neariy 
pure anilide of the solid acid, which, as stated above, melts at 148°. 

This anilide was now decomposed by heating with hydrochloric 
acid, and the regenerated acid distilled; on cooling, the distillate 
at once solidified, in the manner characteristic of the solid acid, 
and, after purification, the crystals melted at 47—49° instead of at 
SO — 62°. 

It is clear, then, that hexahydro-orthotoluic acid exists in two stereo- 
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isomeric forms, and that the liquid modification obtained by synthesis, 
when treated as described above, is converted into the solid modifi- 
cation obtained by Markownikoff by the reduction of orthotoluic acid. 
It is of course not possible to be certain which of the agents used 
actually brought about the change ; in all probability it was due to 
the action of the hydrochloric acid, but this is a matter of small 
importance. 

There is some reason for believing that the solid acid also is, to a 
small extent, converted into the liquid acid by treatment with hydro- 
chloric acid, as the product after fractionation melts below 30°, due 
to the crystals containing a small quantity of an oily substance, which 
is readily removed in contact with porous porcelain ; the quantity 
converted, however, is certainly very small. As the solid acid is 
much more stable towards hydrochloric acid than the liquid acid, it 
is probably the ^^-modification, the latter being the a's-modifica- 
tion ; and this method of distinguishing the isomerides has been 
adopted in the following pages. 


traiw-llexaliydro-orthotoluic acid. 


* 

Hi/ Vs 


coon 

Markownikoff (J. pr. Ohem ., 1894, 49, 65) prepared this acid by 
reducing orthotoluic acid in boiling amylic alcohol solution with 
excess of sodium. As considerable quantities of this acid were 
required for the experiments described in this paper, about 100 grams 
of pure orthotoluic acid were reduced in portions of 25 grams at a 
time, each quantity being four times treated with sodium and amylic 
alcohol, the details of the operations being the same as recommended 
by Markownikoff. 

On Iraetionating the combined products, a considerable quantity 
passed over below 200°, the thermometer then rose rapidly to 230°, 
and between this temperature and 245° the whole distilled as a 
colourless oil, which solidified on standing. 

The crystals, after being freed from oily matter by contact with 
porous porcelain, were purified by treatment with permanganate and 
recrystallisation from benzene, as recommended by Markownikoff; 
the colourless, crystalline product melted at 50 — 52°, and, on analysis, 
gave the following results. 
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Pound. 


£ IL Theory. CsITnOj. 

0 67*55 67*40 per cent. <>7*t>l per cent. 

H 9*89 9*86 „ 9*86 „ 


This acid has all the properties ascribed to it by Markownikoff ; it 
"boils at 24*0 — 241°, and, excepting for the facility with which it 
crystallises at ordinary temperatures, it resembles closely the m-acicl, 
which boils at 236*5 — 237°. 

Anilide of ia&ns-hexaJiydro-ortJiotohdc acid , C 0 'ISTH* CgH 5 . 

In order to prepare this substance for comparison with the anilide 
of the cis-acid, the pure fnwis-acid was digested in a reflux apparatus 
with excess of pure aniline for three days. The product, which con- 
tained a quantity of crystals, was dissolved in ether, and the ethereal 
solution after being washed, first with dilute hydrochloric acid and 
then with sodium carbonate, was dried over anhydrous potassium 
carbonate and evaporated ; the residue, which rapidly solidified, was 
spread on a porous plate, and subsequently recrystallised from a 
mixture of benzene and light petroleum, with the aid of animal char- 
coal. After repeated recrystallisation, the melting point remained 
constant at 148° and the following results were obtained on analysis. 

Pound. Theory. OiiHjJNO. 

6*59 per cent. 6*45 per cent. 

The anilide of tran&diexahydro-orthotoluie acid crystallises from a 
mixture of benzene and light petroleum in glistening plates with a 
slight, bluish fluorescence, somewhat similar to, but much less pro- 
nounced than that of anthracene crystals. It is sparingly soluble in 
ether and light petroleum, readily in alcohol or benzene, but in- 
soluble in water; when heated in small quantities, it distils without 
decomposition. 

As it appeared possible that, in reducing ortliotoluic acid, tlio ox- 
acid might have been formed along with the trans-acid, tho liquid 
products of the action, which are always present in considerable 
quantity, were carefully investigated; the porous plate, which had. 
been used in the purification of the trails- acid, was extracted with 
ether in a Soxhlet apparatus, and the combined acids submitted to 
careful fractionation in a Wurtz flask fitted with a long nock. 

In this way, a disagreeably smelling acid was obtained, which 
boiled at 176°, and consisted of nearly pure isovaleric acid. 


Pound. Theory. OjU^COOH* 

0 59*45 per cent. 58*82 per cent. 

H 9*87 „ 9*80 „ 
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This acid is probably produced by the oxidation of the sodium 
isoamylate formed during the above reduction, and is apparently 
always present in small quantity in the products of similar 1 reduc- 
tions, as both Rassow and Markownikoff observed the presence of a 
disagreeably smelling acid in then* products. As soon as the valeric 
acid had passed over, the temperature rose rapidly to 235°, and the 
distillate boiling at 235 — 245° again became almost solid. The oily 
matter removed from the ciystals, as before, on further purification, 
also solidified, so that apparently the only product of the reduction 
of orthotoluic acid by sodium and amylic alcohol is tfrems-hexahydro- 
orthotoluic acid. 


cis-llexafojdro-orthotoluic acid {Mcthylhe.nnnetltyleiiecai boxy lie acid). 

9 

h/V 2 

H' #N COOH 

The method adopted in preparing this acid was similar to that 
employed by Freer and Perkin (Trans., 1888, 53, 206), one or two 
slight modifications being introduced in purifying the product. 

Ethylic methylkexametliylene dicarboxylate was first synthesised 
by heating methylpentamethylene dibromide (115 grams) with ethylic 
malonate (160 grams) and sodium ethoxide (23 grams of sodium) in 
a reflux apparatus for 10 hours. The ethereal salt, isolated in the 
usual manner, was carefully fractioned, and the portion boiling at 
260 — 265°, and which, as before, contained traces of bromine, hydro- 
lysed by boiling it with twice the calculated quantity of alcoholic 
potash for five hours. The product, freed from eveiy trace of alco- 
hol by repeated evaporation with water, was cooled, acidified, and 
extracted throe times with ether which had been purified by repeated 
distillation over sodium; the ethereal solution was then dried over 
calcium chloride, evaporated, and the oily residue allowed to stand in 
a cool place for six weeks, over sulphuric acid iu a vacuum. At the 
end of that time, the crystals were collected by means of the pump, 
freed completely from the thick, oily, mother liquor by contact with 
porous porcelain, and then recrystallised twice from water. An 
analysis showed that the crystals were pure methylhexamethylene 
dicarboxylic acid. 


Found. Theory. CjEijO*. 

C 58’10 per cent. 58*06 per cent. 

H. 7*68 „ 7-53 „ 
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Methylhexamethylenedicarboxylic acid melts at about 147°, and, 
although its properties have already been given (he. cit , p. 208), wo 
may here add that the solution of the sodium salt docs not docoloriso 
permanganate, thus precluding the possibility of the acid being un- 
saturated. 

In order to obtain the monocarboxyiic acid, the pure dibasic acid 
was distilled, and the oily distillate carefully fractioned; the groaior 
portion boiled at 236*5 — 237° (the boiling point previously given 
was 235 — 236°) ; but all attempts to obtain this acid in a crystalline 
condition by leaving it in a freezing mixture in contact with a crystal 
of the trans-SbddL were fruitless. 

On testing the acid with permanganate in alkaline solution, a slight 
action was noticed ; in order, therefore, to still further purify the 
prodnet, it was dissolved in a dilute solution of sodium carbonate, 
cooled with ice, excess of permanganate added, and the mixture 
allowed to stand for half an hour. The permanganate was then 
destroyed by alcohol, the liquid filtered, evaporated nearly to dryness, 
and the acid isolated and fractioned as before; it again boiled con- 
stantly at 236*5 — 237°, but, on cooling, showed no signs of crystal- 
lising. 

On analysis it gave numbers agreeing closely with those required 
by tbe formula of hexahydro-orthotolnic acid. 

Pound. 


1 II- Theory C s H n 0 2 . 

0 67*52 67*50 per cent. 67*61 per cent. 

H 9*81 9*92 „ 9*86 „ 


These analyses were carried out with the products from two distinct 
preparations. 

Anilide of cis-hexahydro-orthotoluic acid , C 7 H U *CO*NH*C 0 H 5 . —This 
characteristic derivative was prepared by boiling the purified acid 
with a considerable excess of aniline for three days iu a refill x 
apparatus; the dark coloured product was dissolved in ether, and 
after being washed well, first with dilute hydrochloric acid and then 
with sodium carbonate solution, it was dried over anhydrous potas- 
sium carbonate, evaporated, and the residual brownish oil allowed to 
stand over sulphuric acid in a vacuum until it had completely 
solidified. 

This product differs in its properties in a marked manner from the 
corresponding anilide of the trans- acid, it has little facility for crys- 
tallising, and separates from most solvents in the form of an oil. The 
best way of purifying it is to dissolve the dark coloured, crystalline 

mass in a large quantity of boiling light petroleum (b. p. 50 60°), 

and after digesting the solution with purified animal charcoal until the 
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colour becomes pale yellow, to filter and allow the solution to evaporate 
at the ordinary temperature, when the anilide rapidly separates in 
long, colourless, silky needles. These crystals were collected, re- 
crystallised from light petroleum, and analysed with the following 
result. 

Found. Theory. C 14 H 19 NO. 

N". 6’43 per cent. 6‘45 per cent. 

The anilide of cas-hexahydro-orthotoluic acid melts at 66 — 68°. 
It is readily soluble in ether, alcohol, chloroform, and benzene, very 
sparingly in cold light petroleum, and almost insoluble in water. 
When rapidly heated in small quantity, it distils apparently without 
decomposition, yielding an oily distillate, which solidifies only very 
slowly, even in contact with a crystal of the pure substance. 

Conversion of dv&Sexahydro-orthotoluic acid into trans-jGTear ahydro- 
orthotoluic acid. 

As explained in the introduction, considerable difficulty was 
experienced in experimentally proving this isomeric change, owing to 
the fact that small quantities of the oily czs-acid are sufficient to 
prevent the solid trans- acid from crystallising even when the mixture 
is cooled to —10°. 

In the first experiments, the pure csk-acid was heated with concen- 
trated hydrochloric acid in a sealed tube for five hours at 190 — 200°, 
the slightly brownish product was poured into water, and the oily 
acid extracted with ether; the ethereal solution was dried over 
calcium chloride and fractionated, when the whole distilled be- 
tween 236° and 238° as a colourless oil, which, even at —10% 
in contact with a crystal of the trans- acid, showed no signs of 
crystallisation. This same sample was then again heated with 
hydrochloric acid, but even after this second treatment it did 
not crystallise. The acid was then boiled with four times its 
volume of pure quinoline in a reflux apparatus for three days, 
the product digested with hydrochloric acid, and distilled in a 
current of steam ; the distillate was extracted with ether, and the 
acid distilled, when again the whole of it passed over between 236* 
and 238°, but showed no signs of crystallising after standing in con- 
tact with a crystal of the fra»$-acid at —10° for half an hour. In 
*<$rder to determine whether any change had taken place, the acid was 
converted into the acid chloride by treating it with the calculated 
quantity of phosphorus pentachloride, and the oxychloride removed 
by passing a current of dry air through the mixture heated at 100° 
under 50 mm. pressure. Tho oily residue was then poured into pure 
aniline, and after the excess of the latter had been removed by 

VOL. LXYII. K 
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staking tlie ethereal solution of the product with dilute hydrochloric 
acid, it was dried over calcium chloride, and evaporated, and the 
anilide, which, on standing, became nearly solid, was spread on a 
porous plate and allowed to remain until free from oily mother 
liquor. As the nearly colourless residue had no definite melting point, 
it was ground up and extracted repeatedly with small quantities of 
cold ether; in this way a crystalline pioduct was obtained which 
melted at 143 — 145°, and showed all the properties of the anilide of 
trans-h exahy dro-ortho toluic acid, melting at 148°. 

When this anilide was heated with hydrochloric acid in a sealed 
tube at 180° for one hour, the contents of the tube extracted with pure 
ether, the ethereal solution washed with water, dried over calcium 
chloride, and evaporated, an oily acid was left ; this after being freed 
from ether by passing a current of dry air over it, was distilled and 
cooled to 0°, when it solidified almost completely. The crystalline mass, 
left in contact with porous porcelain until free from oil, melted at 
41 — 44°, and after remelting and pressing between blotting paper, 
the melting point rose to 47 — 49° ; the melting point of tmns- hexa- 
hydro-orthotoluic acid being 50 — 52°. There can, therefore, be no 
doubt that during the treatment described above, the liquid m- 
hexahydroorthotolnic acid had been converted into the stereo- 
isomeric frafw-modification. 

The pure tram - acid was treated in exactly the same way as de- 
scribed above in the case of the cak-acid, when the product did not 
solidify until distilled, and even then not completely, as the crystals 
contained small quantities of an oily impurity readily removed by 
contact with porous porcelain ; possibly this oily substance, which 
was present only in very small quantity, is the eis-acid, but this 
could not be satisfactorily proved, owing to lack of material. 

Owens College Chemical Laboratory, 

Manchester. 


XVII . — A New Form of Barometer . 

By J. Normal Collie, Ph.D. 

Two years ago I was anxious to make a barometer whose essentia! 
features were to be lightness and accuracy. As the instrument 
would also be subject to a considerable amount of rough usage, since it 
was needed for other purposes than scientific observations in a labora- 
tory, it also had to be strongly built. It soon appeared that most of 
the improvements which I was led to embody in this barometer 
would also be of service in an ordinary laboratory instrument, and. 
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although the original idea is not yet com- ^ 
pletely worked out, I have made several 
of the modified barometers, and find that 
they work well. 

In this form of barometer, lightness 
and also strength are secured by making 
the stem of narrow-bore tubing, such as 
is used in the fall tubes of a Sprengel 
pump. The top, A, and the bottom, B, 
are made from pieces of the same glass 
tube, and therefore Lave necessarily the 
same bore. At the top of the barometer 
is a small trap, C, to prevent any air, 
which may creep up between the mer- 
cury and the glass, entering into the top 
part of the instrument. This idea, I 
believe, is due to Professor W. Ramsay, 
who has employed it for many years, and 
found it work extremely well. 

The arrangement for connecting the 
mercury in the upper part of the bar- <£ 
•ometer with that in the cistern below * 
is, I believe, novel. It consists in fusing 
a fine capillary tube, D, on to the end 
of the Sprengel tube, of which the stem 
of the barometer is made. This capil- 
lary is so arranged by bending that it 
lies close along the inner side of the 
glass wall of the cistern, B, and dips 
under the surface of the mercury in the 
cistern. This serves two purposes ; first, 
it removes out of the way the mercury 
column connecting the npper part of tho 
barometer with the lower, and allows a 
good reading to be made in the lower 
cistern. Secondly, the capillary being 
of sneb a fine bore, it is very difficult for 
air bubbles to penetrate up the barome- 
tric stem. Even if such were the case, 
and some air had entered and risen even 
half-way up the barometer, by connect- 
ing the opening of the lower cistern 
with a pump, and diminishing the pres- 
sure, a current of mercury would descend 
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tube, and the bubbles be thus mechanically carried down in exactly 
the same manner as they are in an ordinary Sprengel pump, finally 
rising through the mercury in the lower cistern after they leave the 
fine capillary tube. 

Mr. 0. E. Muller has suggested a further improvement, which 
greatly facilitates filling the barometer. A ground-glass joint, E, is 
inserted in the middle of the stem. This allows the barometer also 
to be easily cleaned, and, when not in use, it can be taken apart and 
put away in a box of not inconvenient length. When thus taken in 
half, the upper half is, of course, full of mercury, and may be pre- 
served in that condition by slipping a small cap of india-rubber 
tubing over the end. 

Many points could be enumerated showing how convenient is this 
form of barometer. For instance. 

1. It can be easily made by any competent glass-blower. 

2. It can be put away in a drawer or elsewhere without any great 

risk of air entering into the upper cistern, and whether it lies 
on its side or is upside down makes no difference. 

3. There is no difficulty in filling it. 

4. It uses a minimum amount of mercury. 

5. It is light, strong, and does not easily get out of order. 

6. It is extremely accurate. 

The graduations may be marked either on the outer wall of the 
upper and lower cisterns, or on a mirror scale placed behind, which 
should be made of thick plate glass, in order to avoid parallax. Of 
course, when great accuracy of reading is required, and there is a 
ground-glass joint in the stem, the mirror scale only ought to bo 
used, for the objection might he urged that it is impossible to be sure 
that the junction of the two ground glass surfaces always fitted 
exactly in the same manner. But there is little doubt that, in prac- 
tice, this souice of error would he exceedingly slight. In reading 
the height of the barometer which has the graduations on tho two 
cisterns, either a plain mirror may be placed behind the barometer, 
or a small piece of looking-glass may be held behind by the hand. A 
convenient method for numbering the scale is to start from the middle 
as zero, the upper reading is made from below upwards, whilst the 
lower is from above downwards. The correct height of tho barometer 
is obtained by adding the two readings. 

The increa>e in the height of the meniscus of the mercury when a 
narrow tube is used in the cisterns is no source of error if the tubes 
are of equal bore. For the reading in the upper part ot the baro- 
meter is too high by exactly the same amount as that in the bottom 
part is too low : the two errors counterbalance one another. 
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It may be mentioned that I have compared several of these im- 
proved barometers with each other, and also with a standard instru- 
ment in the physical department of University College, London, with 
the following results. 

Barometeis. 



I. 

II. 

III. 

IY. 

Diameter of the mer- 





cury eolnmn at top 
and bottom of the 
barometer 


8 inch. 

§ inch. 

J inch. 

Scale. 

Brass. 

On barometer. 

On mirror. 

On mirror. 


mm. 

mm. 

mm. 

mm. 

Height on Dec. 17. . . . 

7627 

762-8 

762-7 

762-8 

,, 18. • . * 

748-0 

748-1 

748-1 

748-1 

,, ,, 19. ... 

747 8 

747-6 

747 6 

747-6 

,, „ 20. • • • 

760-3 

759-8 

759-8 

759 9 


All these readings are corrected for temperature. 

I. Standard barometer made by J. Hicks, No. 434, compared 
with the standard instrument at Kew, December, 1873. 

II. Barometer made by J. NT. Collie, scale graduated on stem of 
barometer. 

HI. Barometer made by Dr. J. Shields and J. NT. Collie, Scale 
graduated on plate-glass mirror by Dr. J. Shields about a 
year ago. 

IV. Barometer made by Mr, C. E. Muller. Scale graduated on 
plate-glass mirror by J. NT, Collie about four 4 years ago. 

From these numbers it will be seen that the barometers II, III, 
and IV give readings which agree amongst themselves, almost within 
a tenth of a millimetre : an excellent proof, I think, of their accu- 
racy. The only set which are not in agreement with the rest are 
those of the standard instrument; the maximum difference, how- 
ever, is only 0*5 mm., by no means a large error, 

Now, although the scales of II, III, and IV were all made at 
separate times, they were copied from the same metre steel scale made 
by Chesterman, of Sheffield, which had been examined some years 
ago at the Standards Office and found correct. But inasmuch as the 
parts of the steel scale used were different in each case, and the bore 
of each of the barometric tubes also varied from three-eighths to 
seven-eighths of an inch, I think that it will at once be seen that 
great accniacy may he obtained by the new form of barometer. 

One more point might be mentioned which is of importance, 
namely, the great ease with which this new form of barometer may 
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be obtained free from air. If the boiling be well done, often it is 
impossible to make the mercury descend in the upper cistern without 
violent shaking or considerably reducing the pressure on the mercury 
in the lower cistern. 

University College , 

London . 


XVIII .— Condensation of Benzih 'with Ethylie Malonate. 
By Pbamcis R. Japp, F.R.S., and W. B. Davidson, M.A., B.Sc. 

Bt the condensing action of sodium etboxide on a mixture of benzile 
and ethylie malonate we have obtained two compounds : (1) ethylie 

CH.CtOH)-CH^ CO ° ClHs 

hydrogen benzoinylmalonate, q-^.qq COOH , and (2) 

. , . . C t H.-C:C(COOH) a * 

eesylenem elIohic scidj ^ * 

"When the former compound is warmed with glacial acetic acid, it 
parts with water, yielding the monethylic salt of the latter. 

By boiling desylenemalonic acid with fuming hydriodic acid, it is 
transformed into a mixture of Victor Meyer and Oelker’s desylacetic 
acid and Klingemann’s diphenylcrotolactone, carbon dioxide being 
eliminated in the process : 

G 8 H6*0:C(C00H) 2 + = C 8 H fi -CH-CH 2 ‘COOH + 00i5 

C«H 5 -GO C 6 H 6 *CO 

Desylacetic acid. 


C a H 5 -C:C(COOH) 2 9TT C 6 H 6 ‘C— ch 2 
C.Hs'00 +2H = C.H.-0 CO 

\/ 


+ C0 2 + HsO. 


Diphenylcrotolactone. 


Diphenylcrotolactone was obtained by Klingemann (Amatol, 269, 
134) by the dehydrating action of heat on desylacetic acid. In the 
present case, it might be formed either directly from desylenemalonia 
acid, or, indirectly, by the dehydration of desylacetic acid, the latter 
being the primary product of the interaction ; but we did not further 
investigate this point. 

When heated above its melting point, desylenemalonic acid parts, 
with carbon dioxide, yielding desyleneacetic (j8-benzoylcmnaraic) acid, 

* The name " desylene ” denoting the dyad group, C 6 H 6 *C0*C*0 8 ICs, is formed 
on the analogy of Victor Meyer’s “ desyl,” CgH^CO-CIDCellg. 
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c,h 6 -c:oh-cooh 

c,h,-6o 


This substance was obtained in two forms, melt- 


ing respectively at 150° and 169°, both of which gave, on analysis, 
figures agreeing with the foregoing formula; but we incline to 
regard this difference as due to dimorphism rather than to stereo- 
isomerism, as the former modification, on keeping, spontaneously 
changed its melting point and, after a lapse of two or three weeks, 
melted, like the latter, at 169°. Another acid, melting at 261°, was 
also isolated from the product of the action of heat on desylene- 
malonic acid, but in quantity too small for analysis. 


Experimental Part. 

J3 {hylic Hydrogen Benzotnyhnalonate . — Fifty grams of benzile, 
powdered as finely as possible, and 38 grams of ethylic malonate 
were introduced into a flask, after which a solution of sodium 
ethoxide, obtained by dissolving 5*5 grams of sodium in 65 grams of 
absolute alcohol, * was added, and the flask corked and shaken. The 
mixture, which turned reddish-brown on the addition of the ethoxide, 
became gradually thicker, until, after about an hour and a half, it 
formed a semi- solid mass. It was then allowed to stand for two days, 
during which time the colour gradually changed to a yellowish- 
brown. The product was shaken with ether and water simultaneously, 
in the hope that the ether would dissolve benzile and non-acid sub- 
stances, whilst acids would be found in the aqueous solution in the 
form of their sodium salts ; but after the mass was completely disin- 
tegrated, it was found that there was a white crystalline powder 
which dissolved neither in the water nor in the ether, and prevented 
the separation of the two liquids. The crystalline powder, which 
proved to be ethylic sodium benzo'inylmalonaoe, was separated by 
filtration and washed, first with cold water and then with ether. 

After the removal of the solid substance, the ethereal and aqueous 
solutions were separated. The former yielded on evaporation nothing 
but benzile, half the quantity taken being in this way recovered. 
The aqueous solution was acidified with dilute sulphuric acid, and the 
copious precipitate of organic acid extracted with ether. On shaking 
this ethereal solution with sodium carbonate, a fresh precipitate of 
ethylic sodium benzoinylmalonate was produced, the quantity of 
which increased on standing. This precipitate was separated by 
filtration, treated as above, and added to the portion already obtained. 
We describe later on the treatment of the aqueous sodium carbonate 
solution, which we will distinguish as A. 

* J£ this proportion of alcohol is much exceeded, the benzile is converted mainly 
into ethylic benzoate and benzaldehyde. 
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The sparingly soluble sodium salt, of which the total yield was 
about 20 grams, was found to dissolve readily in hot water ; but it 
speedily decomposed in the hot solution, benzile separating. If the 
solution was heated on the water bath until no more benzile 
separated, the filtered liquid gave no precipitate on adding sulphuric 
acid. It doubtless contained malonic acid produced by hydrolysis ; 
but we did not examine it further. 

In order to isolate the acid from the sodium salt, the latter was 
suspended in water, and, after adding dilute sulphuric acid, the mix- 
ture was shaken with ether until all the solid was dissolved. After 
separating the ethereal solution and distilling off the ether at a low 
temperature, a gummy mass was obtained which was dissolved in ethylic 
acetate, and light petroleum added. The substance at first separated 
as an oil, but, by Tabbing it with a glass rod, crystallisation was in- 
duced. It formed large, lustrous, apparently rectangalar prisms 
melting at 134°. Analysis gave figures agreeing with the formula of 


ethylic hydrogen benzcnnylmalonate , 


o:X H) ' CH<0 ^- 


01523 gave 0 372? C0 2 and 0*0743 H 2 0. C = 66-74 ; H = 5*42. 
Ci 9H 16 0 6 requires C — 66*67 ; H = 5*26 per cent. 


The ethylic sodium salt was then regenerated from the acid ethylic 
salt by shaking an ethereal solution of the latter with an aqueous 
solution of sodium carbonate. It separated, as before, in the form of 
a sparingly soluble, crystalline powder, and was purified by washing 
it, first with cold water and then with ether. When heated at 100° 
it turned yellow. It was therefore dried for analysis at 40 — 55°. 

0-5983 gave 0-1177 Na 2 S0 4 . Na = 6*37. 

CtfHnOfiNTa requires Isa = 6*32 per cent. 

Ethylic Hydrogen Desylenenialomte , — In our first attempt to pre- 
pare the acid ethylic salt from the sparingly soluble sodium salt, we 
dissolved the latter in hot glacial acetic acid. On diluting the solu- 
tion with water, a substance was deposited in rosettes of long, clear 
needles. It was purified by dissolving it in a small quantity of ethylic 
acetate and adding a large excess of light petroleum ; from this solu- 
tion it separated in rosettes of slender, lustrous prisms melting, not 
very sharply, at 124°. The substance was an acid, and dissolved 
readily in sodium carbonate ; but, that it was not the acid corre- 
sponding with the sodium salt from which it had been obtained was 
evident, inasmuch as its sodium salt was readily soluble, and, when 
the solution was digested on the water bath, gave no separation of 
benzile. 

Analysis showed that it had been formed from ethylic hydrogen 
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benzoinylmalonate "by the abstraction of the elements of a molecule of 
water. 


0*1401 gave 0*3611 CO a and 0*0642 H 2 0. O = 70*29 ; H = 5*09. 
0*1621 „ 0*4177 OO a „ 0*0749 H 2 0. O = 70*28; H = 5*13. 
C 19 H 16 O 5 requires 0 = 70*37 ; H = 4*94 per cent. 


This compound is ethylic hydrogen desylenemaUmate , 


c fl H 6 *c:c< 

0 6 H 6 -00 


OOOCaHs 
OOOH • 


When warmed on the water bath with sodium hydroxide, it is hydro- 
lysed, and, on acidifying the solution, desylenemalonic acid (see 
following section) is precipitated. 

Desylenemalonic acid . — The filtrate, A, was digested on the water 
bath until benzile, produced by the hydrolysis of ethylic sodium 
benzoinylmalonate, ceased to separate. The solution, filtered from 
the benzile and acidified with sulphuric acid, gave a precipitate, 
which, after purifying by a process to bo described later on, gave 
figures agreeing with those required for desylenemalonic acid. 

If, however, the other compounds above described ai*e not required, 
the following method gives the best yield of desylenemalonic add. 
The product of the action of sodium ethoxide on a mixture of benzile 
and ethylic malonato, employing the proportions above given, is 
shaken with a mixture of ether and very dilute sulphuric acid. In 
this way, all the organic acids are liberated, and, along with unaltered 
benzile, dissolve in the ether. The ethereal solution is separated, the 
ether removed by distillation, and the residue dissolved in excess of 
glacial acetic acid. The greater part of the acetic acid is then dis- 
tilled off over a free flame, auy ethylic hydrogen benzoinylmalonate 
being thus converted into ethylic hydrogen desylonomalonate, and 
water is added to the remainder. Tho precipitated organic substance 
is again dissolved in ether, and the solution shaken with an aqueous 
solution of sodium carbonate, to remove acids, the separated sodium 
carbonate solution being extracted with a fresh quantity of ether, to 
get rid of the hist traces of benzile. The aqueous solution then con- 
tains sodium desylenemalonate and ethylic sodium desylenemalonate. 
In order to hydrolyse the latter, excess of sodium hydroxide is added, 
aud the solution is digested on the water bath for some hours. It is 
then filtered from any resin that may have separated, after which, 
the desylenemalonic acid is precipitated with dilute sulphuric acid. 
The desylenemalonic acid is purified by dissolving it in the smallest 
possible quantity of ethylic acetate and adding excess of benzene, 
when it separates very slowly in slender, felted needles, apparently 
-containing benzene of crystallisation. 
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The yield from 50 grams of benzile, 38 grams of ethylic malonate, 
5*5 grams of sodium, and 65 grams of alcohol was only 24 grams ; 
but, as in the experiment already described, about half the benzile 
was recovered unchanged. 

For most purposes, the desylenemalonic acid, thus obtained, is 
sufficiently pure, but it has a pale brown colour, and the melting 
point is not sharp. For analysis, it was purified by converting it into 
its sparingly soluble calcium salt, decolorising the solution by boiling 
it with animal charcoal, and recrystallising the salt. The acid was 
obtained from this salt by shaking it with a mixture of dilute hydro- 
chloric acid and ether. The acid, left on evaporating the ether, was 
finally purified by recrystallisation from a mixture of etbylic acetate 
and benzene. 

Desylenemalonic acid forms colourless, slender, felted needles, 
which become opaque on drying. It melts at 130°. When heated 
above its melting point, it evolves gas and becomes dark coloured* 
For analysis, it was dried at 100°. 

The analytical figures agreed with the formula CnH w 0 5 . 

0-1279 gave 0*3240 C0 3 and 0*0480 H 2 0. O = 69*09 ; H = 4*17. 

0*2040 „ 0 5155 CO, „ 0*0753 H a O. C = 68*91 ; H = 4*10. 

Ci,H w O* requires C = 68*92 ; H = 4 05 per cent. 

It has the constitution C e H 5 *C-jC(COOH) s 
C e H 0 -CO 

The silier salt * which was prepared by precipitating the ammonium 
salt with silver nitrate, is very sparingly soluble in cold water, but 
dissolves in boiling water almost without decomposition, and is de- 
posited in needles from the cooled solution. For analysis, it was 
dried at 100°. 

0*1288 gave 0*0545 silver. Ag = 42*31. 

CryH^OfAga requires Ag = 42 35 per cent. 

Action of Hydriodic add on Desylenemalonic arid — Desylenemalonic 
acid was boiled with excess of faming hydriodic acid (dl*96) for five 
minutes in a flask over a hare flame, shaking the mixture during tho 
process. The substance fused, and iodine was given ofl Water was 
then added, and the dark- coloured, oily, organic substance which 
separated was washed with water, dissolved in ether, and tho ethereal 
solution freed from iodine by shaking it with a dilute aqueous solution 
of sulphurous acid. The ethereal solution was washed with water 
and then shaken with a solution of sodium carbonate, which extracted 
from it an organic acid, whilst a non-acid substance remained in the 
ether, and was obtained as a crystalline residue on evaporation. This 

# ^Prepared and analysed by Mr. G-. Druce Lander, B Sc. 
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non-acid substance is not very soluble in ether, and, unless a suffi- 
ciency of ether is employed, is apt to separate before the acid has 
been extracted. 

The sodium carbonate solution gave, on acidifying with dilute 
sulphuric acid, a precipitate of an organic acid, which was extracted 
with ether, and, after expelling the ether, recrystallised from hot 
benzene. It formed lustrous crystals, of octahedral habit, melting at 
160°. Analysis of the substance, dried at 100°, gave figures agreeing 
with the formula Ci 6 H u O s .* 


0-1315 gave 0*3647 C0 2 and 0*0659 H a O. 0 = 75*64 ; H = 5*57. 
C 16 H 14 0 3 requires C = 75*59 ; H = 5*51 per cent. 


This is the formula of desylacetic acid, 


CeH^GH-GH^COOH 

GeHs-CJO 


and 


the melting point (160°) very nearly agrees with that found by 
Knoevenagcl ( Ber ., 1888, 21, 1350) for this substance (162°). The 
substance was therefore compared with a specimen of desylacetic 
acid prepared by KnoevenagePs method (from sodio-deoxybonzo'in 
and ethylic iodacetate, afterwards hydrolysing the ethereal salt thus 
obtained), and was found to be indistinguishable from it, except 
that this specimen, which had been more frequently recrystallised,, 
melted one degree higher than our acid. 

The non-acid substance above referred to, which remained after 
expelling the ether, was recrystallised from hot benzene. It was 
deposited in tufts of slender needles, melting constantly at 151 *5°.. 
Analysis of tbe substance, dried at 100°, gave figures agreeing with 
the formula GieB^O*. 


0*1450 gave 0*4322 CO* and 0*0682 H a O. O = 81*29; H = 5*23. 
C, 8 HiaOs requires 0 = 81*35 ; H = 5*09 per cent. 


q .0 | 

This is the formula of dvphenylcrololactone , 85 U 

CeHft-G^ 

O 


H a 

O’ 


a com- 


pound formed from desylacetic acid hy abstraction of water, and the 
melting point agrees exactly with that given hy Klingemann (loc, 
cit.) 

Desyleneacetic (P-B&nzoylcinnmiic) acid . — As a dicarboxylic acid in 


* The substances used for this and the next following analysis wore, wo should 
mention, obtained hy the action of hydriodic acid on the monethylie salt of do3yl- 
enemalonic acid. We happened to hare a quantity of this compound, and used it 
lor the interaction without previously converting it into the acid. It is hydrolysed 
by the hydriodic acid, and consequently gives the same products os desylenemalome 
acid itself, as we convinced ourselves by a careful comparison of the substance* 
obtained in the two cases. 
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which both carboxyl groups were attached to the same carbon atom, it 
was probable that desylenemalonic acid would part with carbon dioxide 
when heated, yielding a monobasic acid. The evolution of gas 
already referred to, observed when the substance was heated above 
its melting point, was doubtless to be interpreted in this sense. 

In order to obtain the monobasic acid, we at first tried the plan of 
distilling desylenemalonic acid under reduced pressure. From the 
distillate we had no difficulty in isolating an acid of the expected 
composition; but the yield was only one- fortieth of the weight of 
desylenemalonic acid taken. However, by merely heating the 
desylenemalonic acid until carbon dioxide ceased to he evolved, a 
better yield, although still a very poor one, was obtained. 

The desylenemalonic acid was introduced into a tubulated distilling 
flask, which was exhausted during the whole operation by means of a 
filter-pump, in order to prevent aerial oxidation. The flask was heated 
in a glycerol bath at 3 80 — 200° for two hours, at the end of which time 
the evolution of carbon dioxide had practically ceased. The dark 
violet-colonred mass was dissolved in ether, and the ethereal solution 
shaken with aqueous sodium carbonate ; the carbonate solution was 
acidified with dilate sulphuric acid, and the precipitated acid, 
after extraction with ether, purified by recrystallisation from 
benzene. It was found, however, that the crystals, which were large 
and well formed, obstinately retained a brown colour; but, by 
digesting them on the water bath with a small quantity of benzene, 
they disintegrated, forming a white powder from which the hot 
benzene, containing the greater part of the colouring matter, could 
be poured off ; on dissolving this powder in more hot benzene, a solu- 
tion was obtained which deposited colourless crystals, melting con- 
stantly at 169°. The yield from 25 grams of desylenemalonic acid 
was only 4 grams. 

Analysis of a specimen prepared by the distillation method, having 
a faint brownish tinge, and melting at 168°,* gave figures agreeing 
with the formula Ci e H w 0 3 . 


0-1008 gave 0*2813 C0 8 and 0*0435 H ft O. C = 76-11 ; H = 4*79. 
CwHaOs requires C = 76*19 ; H == 4' 76 per cent. 


The compound is, therefore, desyleneacetic (fi-beiizoylrinnamic) acid , 

c 6 h 5 *c:cb-cooh 4 a # A 

C H *00 * *“* com P olln d of this formula ought to be capable 


of existing in two stereoisomeric forms, and we at one time thought 
we had actually obtained the two isomerides. A specimen of the sub- 
stance, prepared by the distillation method, gave, on recrystallisation 


* This specimen was prepared and analysed before ve had hit upon the foregoing 
v method of purifying the substance. 
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from benzene, two distinct forms, which could without difficulty be 
mechanically separated ; clear, brownish crystals, grouped in rosettes, 
melting at 1G8° (the specimen used for the foregoing analysis) ; and 
colourless, more or less opaque, single crystals, melting at 150°. The 
latter gave, on analysis, 0 = 75*95, H = 4*96, showing that they 
had the same composition as the others. Some weeks later, the 
melting point of these crystals was redetermined, and was found to 
have risen to 169°, the melting point of the form already described. 
We must, therefore, regard this supposed isomeride (which we 
obtained only once) as an unstable crystalline form of the substance 
melting at 169°. Neither of the forms contained benzene of crystal- 
lisation. 

The silver salt * was obtained as a white precipitate, by adding 
silver nitrate to a solution of the ammonium salt. It is not decom- 
posed by boiling with water, in which it is almost insoluble. 

0*2194 gave 0*0658 silver. A g = 29’99. 

CieHnOaAg requires A g = 30 08 per cent. 

In the preparation of desylacetic acid by merely heating desylene- 
malonic acid without distilling it, a small quantity of a white crystal- 
line acid melting at 261° was obtained. It formed a sparingly soluble 
sodium salt. The quantity was insufficient for further examination. 

Chemical Department, 

University of Aberdeen . 


XIX . — Stereoisomeric aa'-Dimetliylpimelic acids. 

By P. Stanley Kih>ino, Ph.D., D.Sc. 

cta'-DiMETHYLPiMELiC acid was first described by the author and 
Mackenzie (Trans., 1891, 59, 569), by whom it was obtained as a 
1)y e-product in the course of some experiments on the preparation of 
diacetylheptane, CHj‘0HAc*[0H 2 ]j*0ITAc*0IIj; this diketone being 
required in considerable quantities for the purpose of examining its 
behaviour on reduction (Kipping, Trans., 1893, 63, 111), an alcoholic 
solution of trimethylene bromide was treated with ethylic sodio- 
methylacetoacetate, and the product — ethylic dimethyldiacetyl- 
pimelate — was hydrolysed with alcoholic potash. As is usual in 
such cases, the ethereal salt underwent both ketonic and acid hydro- 
lysis, so uhat, in addition to diacetylheptane, oa'-dimethylpimelic 
acid and aa'-dimethyl-a'-acetyleaproic acid were formed, in accordance 
with the equations 

* Prepared and analysed by Mr. Lander. 
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OOOEt-CMeAc-[CHo] 3 -CMeAc-OOOEfc + 4KOH = 

COOK-CHMe-rCBtla-OHMe-COOK + 20 a H 5 -OH + 

20H 3 *OOOK. 

COOEfc-OMeAc-[OH 2 ] 3 -CMeAc-OOOEfc + 4KOH == 

CHMeAc-[CH 3 ] 3 -OHMe-COOK + 20 2 H 5 *0H + 

OHs-OOOK + Ks00 3 . 

These two acids could not he satisfactorily separated by fractional 
distillation under reduced pressure, or by any of the ordinary 
methods, but, by taking advantage of the fact that the ammonium 
salt of dimethylacetylcaproic acid undergoes dissociation in boiling 
aqueous solution, whereas the neutral ammonium salt of dimcthyl- 
pimelic acid is converted into the ammonium hydrogen salt, their 
separation was easily accomplished ; for this purpose, it was only 
necessary to dissolve the mixture in ammonia, boil the solution until 
ammonia ceased to be evolved, and then extract the dimethylacetyl- 
caproic acid with ether. The aqueous solution of ammoninm hydrogen 
dimethylpimelate was then acidified, and the organic acid extracted 
by again shaking with ether ; the yellow, or brown, oily dimethyl- 
pimelic acid which remained on evaporating the ethereal solution 
was further purified by fractional distillation under reduced pressure, 
and finally by recrystallisation. 

Dimethylpimelic acid was also obtained, in a somewhat different 
manner, by the author and Mackenzie, namely, by the hydrolysis of 
its ethylic salt, a compound which was directly produced in largo 
quantities when the alcohol employed in the preparation of ethylic 
dimethyldiacetylpimelate was not sufficiently free from water; the 
crude acid, obtained in this manner, was less impure than that sepa- 
rated from the dimethylacetylcaproic acid, and solidified more readily 
and completely, but not until it had been fractionally distilled under 
reduced pressure. 

The crystalline dimethylpimelic acid, prepared by these methods, 
did not melt at all sharply, and veiy great difficulty was experienced 
in recrystallising it, as it was almost invariably deposited from 
solvents in an oily condition; ultimately, however, it was obtained in 
transparent crystals, melting sharply at 80 — 81°. 

A few months after the publication of these observations, a paper 
by Perkin and Prentice, containing an account of pimelic acid and 
its homologues — and amongst them ^-dimethylpimelic acid — was 
communicated to the Society (Trans., 1891, 59, 818). These acids 
were prepared by treating ethylic pentanetetracarboxylate with sodium 
-ethoxide and an alkyl iodide in alcoholic solution, 

(C00Et) 8 C5ra-[CH s ] 3 -01!Ta(000Et) s + 2EI = 

(COOEt) 3 CR-[CH 3 ] 3 -CB(CQOEt) 2 + 2Nal, 
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hydrolysing the products, and then decomposing the resulting tetra- 
carboxylic acids by heating them at 200 — 220°, 

(COOH) 3 CE-[CH 2 >CR(OOOH) 2 = 

COOH'OHR*[CH3]i*CHR‘COOH + 2CO a . 


The aa'- dime thy lpimelic acid which they thus obtained should 
obviously have been structurally identical with the acid described by 
the author and Mackenzie, and, as a matter of fact, in most respects, 
the properties of the two preparations appeared to be very similar; 
the boiling point of the ethylic dimethyl pimelate prepared by Perkin 
and Prentice was also practically the same as that of the ethylic salt 
which had been described by the author and Mackenzie. In one 
important point, however, there was disagreement as regards the 
properties of the acid, inasmuch as Perkin and Prentice found its 
melting point to be 74 — 76°, and, in spite of repeated recrystallisation, 
they were unable to observe any alteration or any further approxi- 
mation to the melting point (80 — 81°) given by the author and 
Mackenzie. 

The two papers already referred to were closely followed by a 
third, in which an account of aa'-dimethylpimelic acid was given by 
Zelinsky (Ber., 1891, 24, 3997), who, apparently, was unaware of the 
results which had been published by the author and Mackenzie. 
Zelinsky prepared aa'-dimethylpimelic acid by treating ethylic 
a-cyanopropionate with sodium ethoxide and trimethylene bromide, 

2C00Et*CMeNa-0]Sr 4* C 3 H 6 Br a = 

COOEt-OMe(CN)-[CH a ] 3 -CMe(CN)-OOOEt + ZNsBr, 


hydrolysing the product with potash, aud warming the tetracarboxylic 
acid with concentrated sulphuric acid until it was converted into 
aa'-dimethylpimelic acid ; this compound was separated from accom- 
panying oil, and the melting point, “ der vollstandig gereinigten 
Krystalle,” was found to be 71 — 73°. The oily mother liquor from 
these crystals did not solidify, and, on analysis, gave the same 
results as the crystalline acid; Zelinsky suggested, therefore, that 
the oil might be a stereoisomeride of the compound melting at 71 — 73°, 
but, owing to lack of material, he was unable to support this view by 
any further evidence. 

These later determinations of the melting point of dimethylpimelic 
acid not only differed from one another, but also from that given by 
the author and Mackenzie, and to such an extent that the discrepancies 
could hardly be assigned to the slight and almost unavoidable dif- 
ferences in observation ; at the same time, the differences were not 
large enough, and there was altogether insufficient evidence of any 
kind, to warrant the conclusion that the three preparations in question 
were not identical. 
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Under these circumstances, a more exhaustive investigation of 
eta! ^ dim ethyl pimelic acid was eminently desirable, firstly, in ordcx* 
to confirm or disprove the accuracy of previous observations, and, 
secondly, in order to ascertain whether this acid, like all the lower 
substituted acids of the same series, exists in stereoisomeric forms. 
The results arrived at may be summarised as follows. 
aa'-Dimethylpimelic acid exists in two stereoisomeric modifications 
melting at 81 — 81‘5° and 76 — 76*5° respectively, and the crude crys- 
talline acid obtained by hydrolysing ethylic dimethyldiacetylpime- 
late is a mixture of these stereoisomerides. The acid of higher 
melting point — which may be termed the para-acid — is easily obtained 
from this mixture in a pure condition by fractional crystallisation, 
but the arcfo'-acid — the modification of lower melting point — cannot 
be directly isolated, at any rate when operating with moderately 
small quantities. 

The two modifications are most conveniently separated with the 
aid of their anilides ; the anilide of the para-acid melts at 183 — 184% 
that of the anti-acid at 154 — 155% and, on hydrolysis with dilute 
alcoholic hydrochloric acid, each is reconverted into the modification 
from which it is derived. 

The two acids differ in crystalline form and in solubility, but, on 
the whole, they are very similar in all ordinary properties, and they 
have the same electrical conductivity. The difference in melting 
point is remarkably small, very much smaller in fact than in the 
case of the two stereoisomeric forms exhibited by other acids of this 
series having a similar constitution, as will be seen from the following 
table. 


Dimethylsuccinic acid. . . . 

Para. 

192—194° 

Anti. 

120—123° 

Diff. 

72° 

Dim e thy lglutaric acid . . . 

128 

103 

25 

Dimethyladipic acid 

142 

70-72 

71 

Dimethylpimelic acid. . . . 

81—81*5 

70—7(5*5 

ft 


BTow, since dimethylpimelic acid is the highest member of this par- 
ticular dimethyl-series, and its two modifications show the smallest 
difference in melting point, it might be expected that, for this and 
other reasons, the two modifications of such acids would show a 
continually diminishing difference with increasing molecular weight ; 
so far, however, there is little evidence of any such regularity, at 
any rate in melting point, as the two modifications of diractliylglu- 
taric acid differ by only 25% those of dimethyladipic acid by as much 
as 71°. 

As regards electrical conductivity, on the other hand, there is a 
marked regularity on passing up the series, and the two modifications 
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of dimethylpimelic acid, like those of the next two lower members, 
have the same dissociation constant. 

Dimethylsuccinic Dimethylglutaric Dimethyladipic Dimethylpimelic 
acid. acid. acid. acid. 

Para. K = 0 0190 0*0055 0*0042 0*00343 

Anti. X = 0*0122 0*0055 0*0042 0*00344 

Both modifications of aa'-dimethylpimelic acid, the anti-form more 
especially, have a very great tendency to remain in the liquid condi- 
tion unless they are in a state of great purity ; the pare compounds, 
however, may be recrystallised without difficulty, and, under suitable 
conditions, may be obtained in forms which allow of goniometrical 
measurement. The crystallographic examination was kindly under- 
taken by Mr. W. J. Pope, and the results, which are given below, 
afford a valuable, and by no means superfluous, proof of the non- 
identity of these, otherwise so similar, modifications. 

A comparison of the properties of anti-dimethylpimelic acid (m. p. 
76 — 76*5°) with those of the dimethylpimelic acid (m. p. 74 — 76°), 
described by Perkin and Prentice, leaves little doubt as to the 
identity of these two compounds, and since this particular modifica- 
tion is by far the more readily soluble of the two, it is highly improb- 
able that the para-add could have been present in Perkin and 
Prentice’s preparation and yet have escaped notice ; this conclusion, 
moreover, is borne out by the fact that only one modification was 
obtained by them in the case of all the substituted pimelie acids pre- 
pared in a similar manner. That two methods of preparation, 
namely, that of Perkin and Prentice on the one hand, and that of the 
anthor on the other, should lead to such different results is at first 
sight remarkable, because in both cases the acid was obtained by 
substituting hydrogen for a group X in an ethereal salt of the con- 
stitution 

X X 

CHj-O-CH;! 1 OHj- CHj-C-CH 3 

COOEt COOEt ’ 

yet, when X = -COOEt, only the anti-acid was formed, whereas, 
when X = -CO'OHj, both modifications were produced. The ex- 
planation of this difference probably lies in the fact that the two 
asymmetric carbon atoms, upon which the existence of the two stereo- 
isomerides is assumed to depend, originated under very different 
conditions ; in one case, asymmetry was not established until two of 
the carboxyl groups of the tetracarboxylic acid were displaced by 
two hydrogen atoms — a change which was accomplished by heating 
at 200 — 220° ; in the other the asymmetric carbon atoms originated 
in alcoholic solution at a comparatively low temperature. There is 
vol. lxvh. l 



144 KIPPING : STEREOISOMERIO aa'-DIMETHYLPIMELIO ACIDS. 

also this further difference between the two modes of preparation, 
that whereas Perkin and Prentice obtained their acid directly fiom a 
compound which could not itself exhibit stereoisomerism, the mix- 
ture of the anti- and para-acids was produced from a substance 
which should itself exist in stereoifcomeric forms. Arguments of 
this kind may not perhaps be generally applicable, but they certainly 
show that in tbis particular case the two methods of preparation are 
really not so similar as they appear to be, and do not, therefore, 
necessarily yield identical products. Such considerations may also 
be of value in elucidating the nature of the two isomerides in ques- 
tion, because, as the acid melting at 76 — 7G‘5° is the one which is 
produced by changes occurring at a high temperature, it is probably 
the internally compensated, and not the racemic modification. 

On comparing Zelinsky’s method of preparation with that em- 
ployed by the author, it is evident that the conditions under which 
the asymmetric carbon atoms of the dimethylpimelie acid originated 
are practically identical, the main difference between the two pro- 

Ac 

ceases being, in fact, that, whereas the conversion of the CH 3 -C- 

ioOEt 

¥ 

groups of ethylic dimethyldiacetylpimelate into CHy-C- groups 

COOH 

was accomplished in boiling alcoholic solution, the substitution of 

CN 

hydrogen for the cyanogen radicles in the groups CH 3 -C- 

6ooh 

w as effected by Zelinsky by heating the ethylic salt with alcoholic 
potash, and then warming with sulphuric acid (at a temperature nob 
stated). It seems probable, therefore, that identical products should 
have been obtained by the two methods, and that Zelinsky’s acid 
(m. p. 71 — 73°) was in reality a mixture of the two stereoisomerides ; 
this conclusion is borne out by the fact that in the case of aa f - 
dimethylglutaric acid (Zelinsky, Ber., 1889, 22, 2823) and of aa'- 
dimethyladipic acid (Zelinsky, Ber., 1891, 24, 3997) — both of which 
were piepared by methods essentially identical with that used in the 
case of aa’-dimethylpimelic acid — mixtures of the two modifications 
were obtained. It is not impossible that the acid prepared from 
ethylic dimethyldiacetylpimelate may have undergone change on dis- 
tillation under reduced pressure, the oue modification having been 
partially converted into the other ; such an assumption would doubt- 
less explain away the difficulties, hut it has no basis in fact, and is 
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not warranted by the results of experiments described below ; never- 
theless, it cannot be dismissed as impossible. 

Isolation of Para-dimethylpimelic acid . 

The dimethylpimelio acid employed in these experiments was pre- 
pared by the hydrolysis of et hylic dimethyldiacetylpimelate (Kipping 
and Mackenzie, loc. cit), and was separated from the dimethylacetyl- 
caproic acid by The method already mentioned. The crude acid was 
dark brown, and as it showed no signs of crystallising, even on keep- 
ing for a long time over sulphuric acid, it was distilled under reduced 
pressure. The two principal fractions were those collected between 
245° and 250° and between 250° and 255° (50 mm.), but a consider- 
able quantity passed over below 245°, and a small quantity of a tar- 
like oil remained in the distilling flask. 

Those fractions which deposited crystals were filtered with the aid 
of the pump, and the residue spread on porous earthenware, on which it 
was left until it became quite hard and could be readily reduced to a 
fine powder without caking ; the oily filtrate was again placed over 
sulphuric acid, but only a trace of a crystalline deposit was formed 
even after several months had elapsed. 

The first point which required attention was, whether dimethyl- 
pimelic acid melted at 80 — 81°, as previously stated by the author 
and Mackenzie. A portion of the fine powder was therefore recry- 
stallised from light petroleum (b. p. 50 — 60°) containing a very small 
proportion of benzene, the addition of which tended to prevent the 
separation of the acid in an oily condition ; the first crystallisation 
gave a deposit melting at 58 — 63°, but after numerous operations, 
which extended over several weeks, the melting point of the most 
sparingly soluble portion rose to 72 — 73° ; at this stage, the substance 
was obtained in what seemed to be definite crystals, but, on further 
recrystallisation from light petroleum, its melting point rose about 1° 
with each operation, and finally reached 81°. This preparation was 
-then successively recrystallised from cold water, petroleum, cold 
water, and a mixture of petroleum with benzene, but the last, and 
most sparingly soluble, fractiou melted, as before, at 81 — 81 # 5°. 

A sample of this compound was then analysed. 

0*1519 gave 0*3212 CO* and 0*1177 H*0. 0 = 57*63 ; Bf = 8*61. 
C 9 H 18 0 4 requires 0 = 57*44 ; H = 8*51 per cent. 

A portion of the same sample was titrated against alkali. 

0*0938 gram neutralised 9*65 c.c. of sodium carbonate solution, 
1 c.c. of which was equivalent to 0*009675 gram of dimethylpimelio 
acid ; quantity found = 0*0934. 

These analyses, and the method of preparation of the compound, 

l 2 
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stow it to be aa'-dimethylpimelic acid, and the melting point pre- 
viously given is therefore confirmed ; the properties of this acid are 
described later. 

Examination of Mother Liquors . — The crystals deposited from the 
various portions of the mother liquors, from which the acid melting 
«,t 81 — 81*5° had separated, were now examined in order, if possible, 
to isolate an isomeride, but all attempts in this direction were un- 
successful ; although fractions melting as low as 58 — 64° and as high 
as 75 — 77 ° could be separated without much difficult, the melting 
point invariably altered on lecrystallising, and finally the portions 
became so small that it was of little use continuing the process. 

Attempts were then made to effect a separation by fractional crys- 
tallisation from cold water, and in this way a considerable quantity 
of a substance melting fairly sharply at 74—76° was finally obtained 
from the more readily soluble portions ; it is probable that this pre- 
paration consisted essentially of the anti-acid, but as the melting 
point of this isomeride was at that time unknown, the fraction in 
question was thought to be a mixture and the experiments were 
discontinued. 

The appearance and behaviour of the numerous samples of acid 
obtained in the above operations certainly led to the conclusion that 
the original substance was a mixture of stereoisomerides, but before 
proceeding further in the attempts to isolate the unknown modifica- 
tion some preliminary evidence of its existence was desirable. For 
this reason, a portion of the crystalline powder melting at 56 — 60° 
was dissolved in light petroleum, the filtered solution evaporated, 
and the residue kept for two days over sulphuric acid under reduced 
pressure ; an analysis and a titration of this substance — a colourless 
oil — gave practically the same results as those obtained with a sample 
of the pure para-acid. This fact clearly indicated the presence of an 
isomeride of the latter, as it was improbable that any other substance 
could be present in sufficient quantity to lower the melting point 
from 81° to 60°, and yet have no effect on the results of the analyses. 

On this assumption, the experiments were continued, and in ilio 
first place various salts were prepared from the crude mixture of 
acids ; in all cases, however, these salts were badly characterised, and 
quite unsuitable for the end in view. 

The conversion of one of the modifications of acids of this kind 
into the other may, as is well known, he frequently brought about by 
heating with hydrochloric acid, and apparently the intermediate 
formation of an anhydride is by no means a necessary step in the 
process, since this treatment has been found to be applicable in 
the case of dimethyladipic acid (Zelinsky, Ber., 1891, 24 , 8997) • if 
then one of the dimethylpimelic acids in the mixture could be thus 
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transformed into the other modification, the product might he the 
unknown anti-acid* 

A portion of the oil, which had been separated from the crystalline 
acid as described above, was heated with about 20 parts of moder- 
ately concentrated hydrochloric acid at 200 — 220° for about 10 
hours ; there was slight pressure on opening the tube, and the acid 
had charred, yielding decomposition products which had an odour of 
petroleum* The solution was extracted with ether, and the brown 
oil, obtained on evaporating the extract, was placed in a desiccator, 
where it gradually solidified ; after freeing the crystalline mass from 
oil with the aid of porous earthenware, it was first dissolved in 
benzene and treated with animal charcoal, and then recrystallised from 
light petroleum. The several fractions obtained in this way melted at 
very different temperatures, ranging from about 60° to about 76°, 
but it was found to be impossible to isolate any definite substance 
with the quantity at disposal ; it would seem, therefore, that a com- 
plete conversion of one isomeride into the other had not taken place, 
although apparently this change had occurred to some extent, as the 
mixture solidified so much more readily after the treatment than 
before. A portion of the oily mixture was also heated alone at 
190 — 200° for about six hours, but this experiment was equally un- 
successful, as the product could not be got to crystallise. 

Preparation and Separation of Stereoisom&ric Anilides ; 

The great difficulty experienced in the attempts to separate the 
two acids by fractional crystallisation was due almost entirely to the 
feet that the mixture was so frequently deposited from its solution as 
an oil, even when evaporation took place very slowly at the ordinary 
temperature ; as the separation of the corresponding anilides would 
probably be free from this difficulty, a portion of the crystalline 
mixture and a portion of the oil were separately treated with a slight 
excess of the theoretical quantity of phosphorus pentachloride. The 
oils thus produced were heated for some time at about 100° in a 
stream of dry aii% in order to expel most of the phosphorus oxy- 
chloride, and were then slowly poured into excess of dry aniline ; the 
pasty products were heated for a short time on the water bath to 
complete the action, and then extracted with warm dilute hydro- 
chloric acid to remove the excess of aniline ; the solid residues were 
finally submitted to fractional crystallisation from hot dilute alcohol 
and ethylic acetate* 

The first product which was isolated melted at about 208°, and 
proved to be a phosphorus compound — probably the anilide of phos- 
phoric acid, PO(NH-C 6 H 5 ) 35 which melts at 208° — produced from the 
phosphorus oxychloride which was nob completely expelled, hut oa 
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farther crystallisation a crystalline anilide free from phosphorus was 
obtained. This compound melted at 1S3 — 184°, and gave, on analysis, 
resnlts agreeing well with those required by the anilide of di methyl - 
pimelic acid. 

0*1614 gave 0*4400 00 2 and 0*1170 H 3 0. 0 = 74*35 ; H = 8*05. 

requires O = 74*56 ; H = 7*69 per cent. 

The mother liquors from this anilide, on further treatment, yielded 
fractions of much lower melting point, and also a considerable 
quantity of a brown oil, which solidified only very slowly ; from these 
portions, but only after repeated recrystallisation from various 
solvents, a substance melting at 154 —155° was isolated. 

This compound, which proved to be isomeric with the anilide 
melting at 183 — 1 84°, gave the following result on analysis. 

0*1310 gave 0*3579 and 0*C951. 0 = 74*51 ; H =* 8*06. 

. C 21 H 26 N 2 O 2 requires C = 74*56 ; H = 7*69 per cent. 

After separating these compounds as completely as possible, crys- 
talline deposits were obtained, some of which, though quite colourless 
and free from oil, melted as low as 130—135° ; these fractions doubt- 
less consisted in the main of the anilide melting at 154 — 155°, but, 
although free from any phosphorus compound, and apparently also 
from the anilide melting at 183 — 184°, they contained some other 
substance the nature of which could not be determined; it was the 
presence of this unknown substance which rendered the isolation of 
the second anilide a master of some difficulty, a mixture consisting 
only of the anilides of the two dimethylpimelic acids being very 
readily resolved into its components by fractional crystallisation from 
Lot dilute alcohol. 

Both the samples of crude anilides, prepared from the crystalline and 
oily acids respectively, were found to be mixtures, but that obtained 
from the crystalline acid contained a relatively lai’ger proportion of 
the anilide melting at 183 — 1«4°. 

Reconversion of the Anilides into the Acids. 

Having obtained the two anilides in a state of purity they were 
separately reconverted into the corresponding acids, firstly in ox*der 
to ascertain which was the derivative of the para-acid, and secondly 
in order to obtain the stereoisomeric anti-acid. 

The pure anilide melting at 154 — 155° was dissolved in a little hot 
dilute methylic alcohol, a small quantity of concentrated hydrochloric 
acid added, and the solution heated to boiling in a reflux apparatus 
until the addition of water produced no perceptible turbidity ; this 
operation occupied about 20 hours. The solution was then repeatedly 
evaporated on the water bath until free from hydrochloric acid, tho 
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residue dissolved in a small quantity of water, the solution filtered 
from traces of a brown oil (probably slightly impure acid), and the 
colourless filtrate evaporated to dryness. The pasty residue was then 
dried at 100°, extracted with boiling light petroleum, and the filtered 
extract evaporated. The crystalline powder insoluble in petroleum 
was proved to be aniline hydrochloride by the usual tests, thus 
affording further evidence that the substance melting at 154 — 155° 
was an anilide. 

The oily acid obtained on evaporating the light petroleum extract 
was dissolved in water, and the solution left at the ordinary tem- 
perature ; oily drops separated in the course of a few days, but on 
rubbing with a glass rod they gradually solidified, and on further 
evaporation over sulphuric acid the rest of the acid was deposited in 
colourless crystals ; these melted at 73 — 75°, but on recrystallisation 
from water their melting point rose to, and became constant at, 
76 — 76*5°. 

The anilide melting at 183 — 184° was also hydrolysed with dilute 
alcoholic hydrochloric acid exactly in the manner just described ; it 
yielded aniline hydrochloride, and an acid which melted at 81 — 81*5°. 

There are, therefore, two stereoisomeric aa'-dimethylpimelic acids ; 
the para-acid melts at 81 — 81*5°, and its anilide at 183 — 184°, whereas 
the anti-acid melts at 76 — 76*5°, and its anilide at 154 — 155°. 

Properties of the Stereoisomeric Acids . 

A short description of para-dimethylpimelic acid has been previously 
given (Kipping and Mackenzie, loc. cit., p. 578), but several new 
tacts have been established in the course of these experiments. The 
pure acid separates from tepid water in beautiful, fern-like crystals ; 
and when crystallisation takes place slowly at the ordinary temperature 
it is deposited in aggregates of large opaque prisms, or in beautiful, 
highly lustrous and transparent, rhombic or six-sided plates (see 
below). It may also be recrystallised from light petroleum or from 
a mixture of light petroleum and benzene, but the crystals obtained 
under these conditions (compact prisms) are not very suitable for 
crystallographic examination. 

The solubilty of the para-acid in water was determined with the 
following results. 

2*7630 grams of a solution, saturated at 15°, gave, on evaporation, 
0*0315 gram of the acid ; 100 parts of water at 15° dissolve, therefore, 
1*15 parts of the acid. 

5*5547 grams of a solution, saturated at 15°, gave, on evaporation, 
0*0662 gram of acid ; 100 parts of water at 15° dissolve, therefore, 
1*19 grams of add. 
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Dr. J. "Walker very kindly measured the electrial conductivity of 
the two scereoisomerides, and obtained the following results. 

Para-dimethylpimelic acid (m. p. 81 — 81*5°).. . . K = 0 0031*1 

Anti-dimethylpimelic acid (m. p. 76 — 76*5°).. . * K = 0 00 J 43 

Both specimens, Dr. Walker stated, gave excellent measurements, 
a fact which indicated a high state of purity. 

The white, opaque prisms, usually obtained on evaporating 
a cold aqueous solution of the para-acid, are 4 or 5 mm. in 
length, and their edges and corners are quite transparent, tlie 
opacity of the mass being due to fern-like inclusions. The forms 
ordinarily shown are c{001} and m{110] ; more rarely the 
pinaco id a[100] is present as a narrow strip. The acid condenses 
on volatilisation in tablets flattened m the direction of the c-axis ; 
crystals of the same kind are sometimes obtained on crystallisa- 
tion from water, and seem to consist of the forms c{001], p{lll}, 
and g{lll} (see Fig. 1). Through the basal pmacoid of these, 



Fig 1 . Fie. 2. 


the extinction bisects the angles, and an optic axis is seen emerg- 
ing in the plane 6(010] ; nnder a -^-jth oil immersion objective, the 
optic axis is seen emerging almost in tbo centre of tho field. The 
double refraction and the di&peision are weak. These crystals do not 
lend themselves readily to measurement, the faces being extiemely 
conchoidal in character, and giving multiple images on tho gonio- 
meter. A few better-developed, transparent crystals, about } mm. 
long and mm. broad, weie obtained, by allowing the aqueous 
solution to evaporate spontaneously over sulphuric acid. These were 
rhombohedral in shape, showing the forms c{001], m{110}, and 
sometimes a{100] (see Fig. 2) ; one ciystal which showed a lace of 
the form 2>{lll} was found amongst these. The crystals belong to 
the monosymmetric system ; the faces were all very conchoidal in 
character, and the measurements made on the crystals cannot ho re- 
garded as very accurate. The forms c(001} and w{110} are of about 
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the same size, whilst a{100} is always very much smaller. The 
crystals have a quartz-like lustre, hut no characteristic cleavage ; the 
refractive index is about the same as that of cedar-wood oil. These 
crystals are of the same kind as those described above, the optic axis 
always being visible through the pinacoid c. 


Crystalline System — Monosymmetric. 


: b : c = 1*263 : 1 : 1-062. 
fi = 43° 23'. 


Forms present : 

a 

c 

P 

m 

Angle. No. 

mm = 110 : HO 21 

mm = 110 : 110 18 

me - 110 : 001 15 

me = 110 1 101 11 

ac = 100 : 001 4 

ac = 100 : 001 5 

mp = 110 i 111 1 

pc = 111 : 001 1 


{ioo}. 

{ 001 }. 

{Ill} 

{ 110 }. 

Limits. 

80 3 6' — 83° 50' 
95 10—100 48 
54 48— 58 24 
120 36—129 41 
40 16 — 44 41 
135 7—137 52 


Mean. Calc. 

81° 53' — 

98 32 98° T 

56 42 — 

124 47 123 18 

42 51 43 23 

136 49 136 37 

55 36 56 0 

67 18 — 


On melting the crystalline substance on a microscope slide, putting 
on a cover glass and allowing to cool, the acid crystallises readily 
from centres giving a transparent product which sometimes shows 
an optic axis. Tiny bubbles are seen in the mass aloDg the lines of 
junction of the various individuals; the substance may be easily 
recognised by this peculiarity. The crystalline form of the solidified 
magma is the same as that of the crystals obtained from aqueous 
solution or by volatilisation. 

Anti-dimetbylpimolic acid, even when pure, frequently separates 
from cold water as an oil; if, however, a crystal is introduced as 
soon as oily drops are observed, and the solution is then left for some- 
days, tho acid separates in beautiful rosettes or clusters of concentri- 
cally grouped speai»-sbaped crystals, which float at the surface of the 
liquid with the points projecting downwards ; this behaviour is very 
characteristic, and the crystals are quite different in appearance from 
those of the para-acid. All other ordinary solvents, with the excep- 
tion of light petroleum, dissolve the anti-acid soreadiJy that it cannot 
well he recrystallised from any of them. 

The solubility of this acid was determined with the following 
result : 2*1389 grams of an aqueous solution, saturated at 15°, gave, on 
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evaporation, 0*0472 gram of acid ; 100 parts of water at 15° dissolve, 
therefore, 2*206 parts of acid. 

This result is practically the same as that obtained by Perkin and 
Prentice with, their dimethylpimelic acid (m. p. 74 — 76°), inasmuch 
as they found the solubility to be 2*19 parts in 100 of water at 13 5°; 
it affords, therefore, confirmatory evidence of the identity of the two 
compounds. 

The metallic salts of anti- dimethylpimelic acid are apparently 
identical with those of the para-acid, as, on adding solutions of 
copper sulphate, ferric chloride, and mercuric chloride to a solution of 
the ammonium salt, precipitates identical in appearance with those 
obtained in the case of the para-acid (loc. cit ) were produced ; barium 
chloride and lead acetate also gave no precipitate in moderately con- 
centrated solutions of the anti-acid, just as with the para-acid. 

The crystals of the anti-acid produced by slow evaporation of 
its pure aqueous solution over sulphuric acid are tiny, flattened, 
■transparent needles about 0*5 mm. in length and 0*1 mm. in diameter. 

These crystals belong to the orthorhombic system, and 
show the forms m{110} and £>{101} ; the faces are much 
pitted by re-solution, and were only measured with 
difficulty. The faces of the form m{110] are always 
much smaller than those of £>{101}; the two faces of 
the latter give the crystal a wedge-shaped appearance, 
and meet in a rounded knife-edge, through which six or 
seven sets of interference-spectra are visible between 
crossed nicols. The crystals never show the two ends 
complete, as they always grow in rosettes of four or 
five individuals, aud have to he detached for measure- 
ment ; only two faces of the form £>{101} are found on 
each crystal. On examining the crystal through the face (101), in 
■convergent polarised light, under a ^th oil immersion objective, a 
well-defined orthorhombic interference figure of large axial angle is 
seen ; the figure is not quite central owing to the fact that the plate 
is wedge-shaped. The axis a is the acute bisectrix, and the optic 
«xial plane is parallel to the pinacoid 6 ; the double refraction is 
positive and moderately weak, whilst the dispersion is weak. 



Fig. 3. 


Crystalline System — Orthorhombic. 
a : b : c = 0*8207 : 1 : 2*862. 


Forms present : 

m, [110}. 

P { 101 }. 
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Angle. 

No. 

Limits. 


Mean. 

Calc. 

mm = 110 : 110 

16 

99 J 15'— 103° 

8' 

101° 15' 

101° 45' 

mm — 110 : HO 

16 

75 20— 81 

37 

78 40 

— 

— 101 : 101 

12 

143 16—152 

31 

14S 0 

— 

jpp = 101 : 101 

7 

30 24— 37 

19 

33 12 

32 0 


On fusing a little of the acid on a microscope slide and sub- 
sequently cooling, it solidifies slowly, crystallisation proceeding 
from centres as in the case of the acid melting at 81° ; no small 
babbles are to be seen in the mass as in the preceding case, and 
on examining the product microscopically it is seen that the crys- 
tals are of the same kind as those obtained from water. The acute 
bisectiix is perpendicular to the slide, so that the bi-axial inter- 
ference figure is seen through it in all parts of the plate. On 
volatilisation, the acid solidifies in rosettes or ill-defined plates 
■which always show the characteristic bi-axial interference figure. 

The fact that these two acids are different is proved beyond all 
doubt by the crystallographic evidence alone ; the one acid is always 
obtained in monosymmetric crystals, whilst the other invariably 
-crystallises in the orthorhombic system. 

The remarkably small difference in melting point between the 
two stereoisomeric acids, and the fact that except as regards solu- 
bility the two modifications presented no well-marked points of 
difference, rendered further' evidence of their non-identity desirable, 
particularly as their crystallographic character had not at the time 
been examined; it seemed not impossible that although the two 
acids had been prepared from what were certainly different anilides, 
the compound melting at *76 — 76*5° might be impure para-acid, 
formed during the hydrolysis of the anilide with alcoholic hydrochloric 
acid — a process which had been necessarily rather prolonged. This 
doubt was set at rest by the following experiment: An intimate 
mixture of approximately equal portions of the two acids melting at 
76° and 81° respectively, was found to soften distinctly at 55° and to 
liquefy completely just below 70° ; after having been kept for about 
two days, the liquid mixture had solidified, and, when re-heated, it 
sintered distinctly at about 52°, melting completely at 65" ; such a 
result could not have been obtained had the acid melting at 76° been 
an impure preparation of the para-modification. 

The conversion of one of the modifications of the acid into the 
other, although doubtless capable of being accomplished by some of 
the methods ordinarily employed in such cases, has, unfortunately, 
not been effected in the present instance, owing to lack of material, 
and only one experiment with this object in view was made. In. 
order to settle the question previously raised, whether distillation 
under reduced pressure caused any change in the original acid pre- 
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pared from ethylic dimethyldiacetylpimelate, small quantities of the 
two pure stereoisomerides were separately heated at about 250 — 260° 
for at least 10 minutes ; that is to say, the two acids were heated 
under practically the same conditions as were employed in the original 
distillation. In both cases a certain amount of decomposition oc- 
curred, as was shown by the slight darkening in colour, and vapours 
were evolved in fairly large quantity causing the formation of a layer 
of oil on the cooler parts of each of the vessels ; in both cases this 
oily layer very soon solidified to a mass of beautiful crystals. Those 
obtained from the para-acid consisted of six-sided or rhombic plates 
belonging to the monosymmetric system, and were found to be identi- 
cal with the crystals of the para-acid deposited from aqueous solution ; 
those produced from the anti-acid consisted of isolated clusters or 
rosettes of spear-shaped orthorhombic prisms identical with the 
crystals of the anti- acid obtained from aqueous solution ; in both 
cases, moreover, the condensate appeared quite homogeneous, indi- 
cating that no change of one modification into the other had occurred. 
The whole of the two samples which had been thus treated were 
separately recrystallised from cold water ; the para-acid then melted 
at 73—77°, the anti-acid at 68 — 72°, hut this was apparently due to 
minute traces of their decomposition products and not to the presence 
of the isomeride, since the crystals were well defined, and appeared 
to be homogeneous under the microscope. Although, therefore, not 
quite conclusive, this experiment shows that even if one form is con- 
verted into the other at about 250°, the change takes place very 
slowly. 

Properties of the Stereoisomei ic Anilides. 

The anilide of para-dimethylpimelic acid is much more sparingly 
soluble in dilute alcohol than the anilide of the anti-acid, and also 
differs from the latter in appearance, so that the two compounds are 
very easily separated. The para-anilide crystallises from ethylic 
acetate, alcohol, and acetone in long, flattened prisms or needles, 
which are colourless and opaque ; it is only moderately soluble in 
cold ethylic acetate and in cold alcohol, but readily in hot alcohol and 
acetic acid. 

The crystals obtained from solution melt sharply at 183 — 184°, but 
when the capillary tube is withdrawn and again placed in the hot 
acid the solidified substance does not melt until the temperature rises 
to 187— 188°; this curious behaviour indicates the existence of two 
crystalline forms, but even after keeping for four days at the ordinary 
temperature, the specimens which had been once melted, liquefied 
again at 187—188°, and not at 183—184° 

The anilide of anti-dimethylpimelic acid is very readily soluble in 
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•ethylic acetate, acetic acid, alcohol, and benzene, bnt rather sparingly 
in ether, and practically insoluble in cold light petroleum. It 
separates from cold dilute alcohol in curious, colourless, pear-shaped 
masses composed of extremely minute needles or prisms; these 
forms are highly characteristic, and totally different in appearance 
from the crystals of the para-anilide. The melting point of this 
anti-anilide is 154 — 155°, 

Chemical Research Laboratory , 

Central Technical College , 

City and Guilds of London Institute . 


XX. — Preparation of Adipic acid and some of its 

Derivatives . 

By Wadter H. Ince, Ph.D., Demonstrator of Chemistry at St. 

Thomas’s Hospital. 

In the course of an investigation of some derivatives of adipic acid 
and their condensation products, large quantities of the acid were 
required, but as Wislicenus’ method (Annalen, 1867, 144 , 221) of 
preparing it, namely, heating /3-iodopropionic acid with silver, was 
found to be tedious and unsatisfactory, other methods were investi- 
gated. According to Laurent (Ann. Chim 9 Rhys [2], 66, 166), 
Bromeis (. Annalen , 1840, 35 , 105), and Malaguti (Ann. CMm. Rhys ., 
1846, [3], 16 , 84), adipic acid is easily prepared by oxidising 
fats with nitric acid, sebaclc acid being formed as an intermediate 
product ; in fact, a method of obtaining adipic acid from sebacic acid 
by oxidising the latter with nitric acid is given in detail by Arppe 
(Zeit. f. Ohem ., 1865, 300). The following is an account of my 
attempts to prepare adipic acid by these methods. 

Action of Nitric acid on Sebacic acid . — Witt’s method (Ber., 1874, 
7 , 220) for preparing sebacic acid gives very satisfactory results. 
Castor oil is saponified with sodium hydroxide, and the soap obtained 
is heated until the evolution of octylic alcohol ceases ; it is then dis- 
solved in water, and the acid precipitated by means of hydrochloric 
acid. 

Arppe (Zoc. cit) states that he oxidised sebacic acid by heating it 
with nitric acid, expelled the excess of the latter, and crystallised the 
residue from hot water. The crystals, after bei ug dried and heated until 
they fused, were powdered when cold and then shaken with ether, 
which readily dissolves the adipic acid, but not the succinic acid, as 
the latter is insoluble in ether. 

On heating sebacic acid on a water bath for four hours with a 
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mixture of equal parts of nitric acid (sp. gr. 1*5) and water, driving 
off the nitric acid, and shaking the dried, powdered residue with a 
small amount of ether, part of it was dissolved, and the residue left 
on evaporating the solution to dryness was purified by recrystallisa- 
tion from water. It formed colourless plates melting at 127°. On 
adding more ether, the remainder of the product dissolved, and from 
this solution crystals were obtained identical in. appearance and crys- 
talline form with the first fractions and with the original acid ; and 
they all melted at 127°. Nitric acid, therefore, of this strength has 
no action on sebacic acid. 

The same specimen of sebacic acid was now heated on a water bath fox* 
four hours with a more concentrated acid, namely, nitric acid diluted 
with half its volume of water. In this case, also, no oxidation took 
place. 

Sehacic acid was then heated on a water bath for 48 hours h 
fuming nitric acid ; on allowing the liquid to cool, flat, colou is 
plates were deposited which were collected and washed first a !i 
dilute nitric acid and then with water, and finally recrystallised fi i 
hot water ; the flat crystals which were deposited melting at 127°. The 
strongly acid mother liquor was then evaporated to dryness, and the 
residue dissolved in boiling water and allowed to crystallise ; these 
crystals also melted at 127°. Their identity with sebacic acid was. 
established by a combustion. 

0*2578 gave 0*5598 C0 3 and 0*2095 H 2 0. 0 = 59*2 ; H = 9*03. 

CioH 18 0 4 requires C= 59*41; H = 8*91 percent. 

It was thus shown that sehacic acid is not oxidised by boiling 
with nitric acid, but crystallises out unchanged. 

Oxidation of Sehacic acid hy Potassium Permanganate . — Sebacic 
acid is slowly oxidised by potassium permanganate in neutral, alkaliue, 
and acid solutions ; the yield, however, was so small in each case as 
to preclude investigation. With neutral permanganate, a faintly acid 
substance was obtained melting at 104—112°. The silver salt pre- 
pared by precipitating a neutral solution of the ammonium salt with 
silver nitrate, gave 28 8 per cent, of silver on analysis. (Adipic 
acid requires Ag = 60 0 per cent.) With acid and alkaline perman- 
ganate, faintly acid substances were obtained which gave no sharp 
melting point. 1 

Preparation of Adipic acid from Beef Suet. 

Maiaguti (he. cit.) states that adipic acid may be easily obtained by 
beating beef suet with ordinary nitric acid in a flask fitted with a 
reflux condenser, until the oily layer disappears. The contents of the 
flaak are then concentrated on a -water bath until the liquid 
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on cooling, and the crystals are collected, washed first with nitiio 
acid and then with water, and finally recrystallised from water; 
the crystals, said to consist of adipic acid, melt at 130°, whereas 
adipic acid melts at 148 — 149°. In repeating this experiment, 
500 grams of clarified beef suet were treated with about 200 c.c. of 
fuming nitric acid; the action, which at first was very violent, 
quickly subsided, and the flask was then heated on a sand bath, nitric 
acid being added from time to time to replace loss by evaporation ; 
after 32 hours digesting, the oily layer had disappeared. The contents 
of the flask were evaporated on the water bath to remove the excess of 
nitric acid, «md the viscid residue was dissolved in boiling water; cn 
evaporating the solution to the consistence of a syrup, and leaving it 
for a week, the whole solidified to a gritty, crystalline mass. This, 
according to Mulaguti, should consist of nearly pure adipic acid, but I 
found that, after recrystallisation from water, it melted at 109 — 112°. 
The acid is readily soluble in ammonia, and is reprecipitated by 
hydrochloric acid. The silver salt, obtained as a white amorphous 
precipitate on adding silver nitrate to a neutral solution of the 
ammonium salt, was analysed. 

0*7542 gave 0*4172 AgCl. Ag = 55*14 per cent. 

A combustion of the recrystallised acid gave results which agreed! 
neither with the formula of sebacic acid nor with that of adipic acid > 
and, judging from this and from the ill-defined melting point, it 
cannot be regarded as a simple acid but must be a mixture of two or 
more acids. An attempt was made to separate the various con- 
stituents by treating the dried and powdered product with successive 
small quantities of anhydrous ether, and in this way two fractions of 
definite melting point were isolated. The first ethereal extract, oft 
evaporation, left a white, crystalline residue, which separated in 
colourless plates on slow evaporation of its alcoholic solution ; the 
crystals melted at 122 — 129 6 . The crystalline residue from the 
second ethereal extract melted at 124 — 125°, and that from the third 
and fourth at 127 — 128°. The first two fractions were too small to 
deal with. The third and fourth were mixed, dissolved in dilute 
ammonia, the excess of ammonia driven off, and silver nitrate added ; 
the white, amorphous precipitate which was thrown down gave the 
following result on analysis. 

0*2544gpve 0*1317 Ag. Ag = 51*72 per cent. 

The sEubstance is evidently sebacic acid, as this melts at 127 — 128% 
and its silver salt contains 51*92 per cent, of silver. 

The residue left after the product had been extracted 10 times 
successively with ether melted at 100—112° ; and on crystallisation 
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from alcohol yielded colourless plates melting at 105 — 107°. On 
analysis it gave the following results. 

0*1228 gave 0 2581 C0 3 and 0 0937 H 3 0. 0 = 57*32 ; H = 8‘47. 

Azelaic acid, CtH u (COOH) 2 , melts at 106°, and contains C = 57*45 
and H = 8*51 per cent. 

The silver salt gave the following resnlts on analysis. 

0*226 gave 0*1216 A g = 53*8 per cent, of silver. 

This acid appears to be azelaic acid. 

The action of ordinary nitric acid on beef suet was next tried. 
50 grams of purified beef suet were heated on a water bath for 48 
hours with 250 c.c. of nitric acid, sp. gr. 1*42, the excess of acid 
driven off, and the whole evaporated to dryness. The viscid, semi- 
crystalline residue was boiled with water, in which it nearly all 
dissolved, and the solution concentrated ; on standing for three days, 
hard, gritty crystals were deposited, which, after recrystallisation 
from hot water, melted at 95 — 96°. The amorphous, white silver 
salt yielded the following result on analysis. 

0*372 gave 0*1861 Ag. A g = 50*2 per cent. 

The acid was again carefully recrystallised from water, and 
.analysed. 

0*1085 gave 0*2422 C0 2 and 0*0905 H a O. C = 60*88 ; H = 9*28. 

0*2722 „ 0*6065 „ 0*2312 „ C = 60*78; H = 9*43. 

The results are in accord with those which would be furnished by 
a dibasic acid, CnHuO* ; this requires C = 61*1 ; H = 9*26 per cent. ; 
and its silver salt Ag = 50*7 per cent. 

It is evident, from the foregoing resnlts, 

1. That the action of nitric acid on beef suet is a complex one. 

2. That the prodncts vary with the concentration of the acid used. 

3. That sebacic acid and azelaic acid are amongst the products of 

the action of fuming nitric acid on beef suet, whilst ordinary 
nitric acid gives an acid having the formula GnHgoO*. 

4. That adipic acid is not formed by the oxidation of sebacic acid. 

The adipie acid used in the preparation of the derivatives subse- 
quently described was obtained by a modification of V. Meyer’s 
process (Ber^ 1887, 19, 3244, and B&r. 9 1888, 21, 24). Glycerol was 
converted into glyceric acid by slow oxidation with nitric acid, the 
excess of nitric acid driven off by heating the products on a water 
bath, and the crude glyceric acid diluted with water until it had a 
sp. gr. of 1*26. 176 grams of iodine were then gradually added to 
100 c.c. of the solution of the crude acid, pi’eviously mixed with 
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22 grams of red phosphorus, and the viscid, brown liquid which re- 
mained after the action was over was well cooled; the crystalline 
scales of 0-iodopropionic acid, which separated, were collected on a 
vacuum filter and recrystallised from carbon bisulphide. The /S-io do- 
propionic acid was converted into adipic acid by heating it with 
finely-divided copper at 160°. 

ct-Monobromadipic add , COOH*CH 2 *OH 2 ‘CH 2 *CHBr*COOH. — This 
acid was obtained by Gal and Gay-Lussac ( Annalen , 1870, 155, 250), 
but not in a pure state. Adipic acid (1 mol.) was heated with 
bromine (2 mols.) at 160° in a sealed tube for two hours. When cold, 
the contents of the tube, which consisted of a nearly colourless, 
crystalline mass, were extracted with anhydrous ether, and the residue 
left on the evaporation of the ether was recrystallised from absolute 
alcohol ; the colourless crystals obtained melted at 131°. 

0 1196 gave 0*7994 AgBr. Br = 35*98. 

0 1146 „ 0*1356 C0 2 and 0 0434 H 2 0. C = 32*2 ; H = 4*2. 

CaHflOJBr requires C = 32*0; H = 4 0; Br = 35*55 per cent. 

a-Hydroxyadipic acid, COOH*CH 3 *CH 2 *CF 2 *CH(OH)-COOH. — 
a-Bromadipic acid was warmed for a few minutes with a dilute solu- 
tion of potash, acidified with hydrochloric acid, and shaken with, 
ether ; the ethereal solution, on evaporation, left a nearly colourless 
oil, which solidified almost entirely on standing. The crystals, when 
drained on a porous tile and recrystallised from ether, melted at 151% 
and sublimed undecomposed. They are easily soluble in alcohol, 
ether, and water. 

The following results were obtained on analysis. 

0*2021 gave 0 3282 C0 2 and 0*0117 H s O. C = 4k5 ; H = 6 4. 

* C 6 H 10 O 5 requires O = 44*4; H = 6*1 per cent. 

Monobromadipic acid, when heated with water, yields the hydroxy- 
acid, but the product is contaminated with large quantities of nncrys- 
tallisahle bye-products, which render its purification difficult. 

Chemical Laboratory , 

St. Thomas's Hospital. 
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XXX. — Oh tit t* Determination of Sigh Te mpe vatures 
by means of Platinum-resistance Pyrometers . 

By C. T. Heycock and F. H. Neville. 

Ix the experiments on alloys (vide Trans., 1890 to 1894), the results 
of which we have hitherto communicated to the Society, we have 
made use of meicury thermometers, whose fixed points were deter- 
mined hy the platinum-resistance method. As we are now exam ini ng 
alloys which melt at temperatures above the range of the mercury 
thermometer, it has become necessary for us to select a method of 
measuring hierh temperatures. Four methods have been commonly 
used for this purpose. 

(a.) Air thermometers. 

(6.) Calorimetric methods. 

(c.) The change in the electromotive force of a thermo-couple. 

(cl.) The change in resistance of a platinum wire. 

It was necessary, for the purpose of our experiments, to select a 
method which would not only rapidly indicate the temperature, but 
would measure small differences of temperature with accuracy. 
Methods (a) and (b) were consequently out of the question, and, from 
the results hitherto published, it appeared that (c) was wanting in 
delicacy. We therefore decided to adopt method (d)> especially as 
we already had some acquaintance with it. 

The method of platinum-resistance pyrometry, first suggested by 
Siemens, has been brought to great perfection by Callendar and 
Griffiths (Phil. Trans ., A, 1887, p. 1G1 ; A, 1891, p. 119), and the neces- 
sary apparatus is now made by the Cambridge Scientific Instrument 
Company in a very practical form. 

The results of this paper were obtained as a necessary preliminary 
to a study of alloys, which is not yet completed, but which we hope 
to publish shortly. Our experience leads us to the conclusion that 
platinum-resistance thermometry is a most valuable method, although 
it has not yet been much used by chemists. We therefore venture 
to lay before the Chemical Society a somewhat full account of the 
work gone through by us in the determination of the temperatures 
of solidification of certain metals and salts. 

Callendar having, so far as we know, only compared the air and 
platinum thermometers up to 600° C., our results beyond that tem- 
perature required confirmation. As will be seen in Section III, that 
confirmation is largely to he found in the excellent work of Holbora 
and Wien (Ann. Phys. Ghem 1892, 47, 107), and of Victor Meyer, 
Biddle, and Lamb (Per., 1894, 27, 8129). 
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The present paper is divided into the following sections 

1. Description of the method and instruments. 

2. Study of the behaviour of the pyrometers. 

3. Discussion of results and comparison with those of other ob- 
servers. 

4. Determination of the fixed points. 


Seciion I. 


Description of the Method and Instruments . 


In platinum-resistance thermometiy, a coil of platinum wire is 
introduced into the space whose temperature is to be ascertained, 
and the electrical resistance of this coil is measured. Such a coil, 
properly protected and mounted, constitutes a platinum-resistance 
thermometer or pyrometer. 

Let R 0 , Rico, and R* be the resistance of the wire at the tempera- 
tures 0, 100, and t Centigrade. Then, if we assume that the change 
iu temperature is proportional to the change in resistance, the tem- 
perature will be given by the expression 


Rf — Ro 
Rioo — Ro 


X 100 


( 1 )- 


A scale of temperatures could thus be formed, having a value 
similar to that of the mercury in glass scale ; for this latter scale is 
based on the assumption that the change in temperature is propor- 
tions 1 to the change in the apparent expansion of mercury. 

But the temperature given by expression (1) would, at high tem- 
peratures, differ considerably from that of an air thermometer at the 
same point. 

Callendar therefore assigns the name “ platinum temperature ” to 
this quantity, and denotes it by the symbol pt. We thns have 


pt 


R, -Ro 

Rioo — Ro 


x 100 


( 2 ), 


and the symbol t is reserved for the temperature that would be given 
by an air thermometer. 

In order to convert temperatures on the platinum scale to those on 
the air scale, it is necessary to determine the relation between pt and t. 
Callendar found that, up to about 600° C., the results of his com- 
parisons between the air and platinum thermometers were well 
represented by the equation 

t - pt = B{(tll0Qy - t/ 100} (3). 

Here 8 is a constant, depending apparently only on the chemical 
composition of the wire used. 
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E 0 and Ru* can be found by immersing the instrument in ice and 
steam in the manner usual with mercury Thermometers; we can then 
get c by determining R*, and therefoie pt, for some accurately known 
value of t (see Section IV). 

CaUendar and Griffiths have, by very thorough experiments with 
the air thermometer, shown that the boiling point of sulphur under a 
pressure of 760 mm. of mercury is 444*53° 0. (Phil. Trans. 1891 A, 
p. 119),* and they recommend that platinum thermometers should be 
immersed in the vapour of boiling sulphur, aud R$, and thence pis, 
found. Equation (3) will then give 5. This method has been re- 
peatedly applied to all our thermometers. Details as to the sulphur 
determinations are given in Section IV. The value of c having 
been thus ascertained for a particular thermometer, it will be seen 
from inspection of the tables that it changes little if at all for that 
thermometer, even after heating to very high temperatures. 

We can now tabulate, as in Table I, the values of t m terms of pt 9 
or we can plot t — pt and pt in the manner recommended by Callen- 
dar. The curve thus made enables us to deduce the air-thermo- 
meter temperatures corresponding to the values of pi found in our 


Tajblt: I. ? = 1*50. 


pt. 

f t - pt. 

B 

P t. 

t — pt. 

PC. 

-100 

4-2*9 

-97-1 

600 

+ 54 4 

654*4 

0 

I 0 

0 

700 

t79*4 

779-4 

50 

-0-4 j 

49*6 

800 

+110-7 

910-7 

100 

0 1 

100 0 

900 

+149-4 

1049-4 

200 

i ***30L 

203 *1 

1000 1 

+ 197-0 

1197-0 

300 

1 +9*8 

3C9 8 

1100 1 

+ 22o 0 

1355 0 

400 

-r20*2 

420*2 

1200 

+ 326*7 

1526-7 

500 

+ 34*9 

534 9 

1300 

+416*0 

1716-0 


It is evident from Equation (3) that so long as £ is constant, 
t — pt is proportional to 8 ; hence a table or chart giving t ■— pt in 
terms of pt, which has been constructed for a particular value 8 of 
the constant, can be used for another value by multiplying by 
the factor c'jo. In order to form some idea of the relation between 
i and pt, we give Table I for the case of 8 = 1*50. An error of one 
in the second decimal place of 8 produces an error of 0 9° m the com- 
putation of t at 1000°, and of conrse the error introduced at lower 
temperatures is proportionately less. 

* This number is lower by 3 *9° than the commonly accepted number due to 

Regnault (Mem. de VInsfitut, 26, 1862, p 527), but they give what appears to be 

a satisfactory explanation of the discrepancy. 
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The Pyrometer and Wheatstone’* Bridge. 
— As our thermometers were designed 
for high temperatures, we shall in future 
always speak of them as pyrometers. 
They were constructed hy the Cambridge 
Scientific Instrument Company, accord- 
ing to the designs of Callendar {Phil. 
Mag., July, 1891), and have been modi- 
fied by us in details only. In the type 
we are now using, the coil is made of 
the purest platinum wire obtainable, of 
a diameter varying in different instru- 
ments from 0*008 to 0*004 inch. The 
coil has a resistance of about 3*3 ohms 
at 0°. The wire is wound double round 
a frame composed of two narrow rectan- 
gular strips of thin mica. These strips 
are equal, and are set with their planes 
at right angles, so as to intersect along 
their longer diameters. The section of 
the frame is thus a cross, and the coil 
forms a helix of square section touching 
the micas at their edges only. The coil 
itself is (when made of 0'004-in. wire) 
about 20 mm., and the wire about 200 
mm., long. The coil hangs very near 
the bottom of a porcelain tube, Fig. 1, 
closed at the lower end, and glazed 
within and without. This tube is 400 
mm. long, 12 mm. in external, and 7 mm. 
in internal, diameter, and the mica frame 
slides into it easily. The leads from the 
ends of the coil are made of stout plati- 
num wire (0*025 in. diameter) to near 
the top of the tube, where they are sol- 
dered to copper wires terminating in 
binding screws. 

In order to avoid convection currents, 
and also to prevent accidental contacts 
between the leads inside the tube, a num- 
ber of circular mica discs are threaded 
on the leads. These discs fit the tubes 
fairly tightly, and render the wires and 
coil more rigid. 

The coil with its two leads as here 



Fia. 1. — General -view of the 
head and interior of a 
pyrometer. 
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described might be made one arm of a Wheatstone’s bridge , and tho 
resistance taken in the usnal way, but the disadvantage of this is 
that we shonld be measuring not only the varying resistance of the 
coil, but also that of the leads, parts of which will be at very dif- 
ferent temperatures. The errors thus introduced are analogous to 
those due to the unimmersed part of the stem of a mercury ther- 
mometer. 

To avoid this difficulty, the arms of the bridge are made equal, 
and the arm which contains the resistance box also contains a wire 
running down the tube of the pyrometer to a point just above the 
top of the coil, and thence back to the bridge. This wire is called 
the “ compensator,” and it should have the same resistance as the 
leads from the coil to the bridge ; the compensator is of platinum 
where the leads are of platinum, and of copper where the leads arc 
of copper. It follows that if corresponding parts of the compensator 
and of the pyrometer leads are near together so as to be at the 
snime temperature, the resistances introduced by them into the arms 
of the bridge will be equal at all temperatures, and, consequently the 
balance will he independent of the temperatures of these wires. 

The resistance of the leads is thus eliminated from our measure- 
ments, and we have to deal only with the resistance of the short 
coil, constituting what by analogy may he termed the bulb of the 
thermometer. 

^Between the top of the pyrometer tube and the binding screws 
ox the bridge the compensator and the pyrometer leads form a 
foui fold insulated cable, which may he of any required length. At 
each end, a few inches of this cable are unravelled for attachment, 
to the binding screws. The connections are represented diagram- 
matically in Fig. 2, the lettering being the same as on our appa- 
ratus. x 
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Tlie arms Gi B x and G x B> consist of coils of equal resistance, and 
the aims BiPH and B 3 OKH are made equal by taking out or put- 
ting in plugs in the resistance box K, and by shifting the contact 
piece H on the divided bridge wire. The long leads starting from C x 
Cs and Pi P 3 form the cable to four binding screws on the head of the 
pyrometer tube ; 0 and P, though apart in the diagram, are in reality 
close together at the lower end of the pyrometer tube. The zero 
of the divided bridge wire should be at 0, its middle point, that is 
to say, if the gaps CiC 2 and PiP 2 were filled up by thick, short 
wires of equal resistance, the bridge should balance at 0. 

Then if R is the resistance of the pyrometer coil, v that intro- 
duced by the resistance box, and S that of the length OH of the 
bridge wire, we see that 

R=r + 2S, 

so that the effective value of a unit length of the bridge wire is twice 
its real resistance. 

The coils of the box are of platinum silver with a temperature 
coefficient of 0*00027. The resistances are measured in a unit equal 
to 0*01289 true ohm. The coils form a progression in powers of 2, 
and are lettered as well as numbered. 

Their nominal values are given in line 2 of Table II, and the 
corrections to be added to these nominal values are given in line 3. 


Table II. 


H. 

i 

Gk 

1 

F. 

E. 

D. 

D 

B. 

A 

+0*105 

10 

+ 0-05 

20 

+ 0-02 

40* 

-0-16 



320 

-0*20 

040 

-0-08 


A unit division of the bridge wire is approximately eqnal to a 
unit of the coils. Each unit division is divided into 10 equal parts, 
and, by means of a vernier, tenths of each of these can be read. 

A very dead beat reflecting galvanometer should be used. On 
account of the numerous metallic junctions in the circuit, there 
may sometimes be considerable thermoelectric effects. These trouble- 
some effects were almost entirely eliminated by the use of Griffiths’ 
thermoelectric key {Phil. Trans ., vol. 184 A 398). 

The current from one Leclanche cell running through 100 ohms in 
the battery circuit is the most suitable. This current produces no appa- 
rent beating effect in the coil of the pyrometer, but if a resistance of 
20 ohms be substituted for that of 100, the heating effect of the 
current on the wire of the coil is perceptible, especially at low tern- 
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peratures (see Pyrometer 8, July 30, 1894). The heating effect 
shows itself by a creep on the scale of the galvanometer, lasting for 
some moments after the current has been pnt on and the first swing 
has ended. 

The preceding statements give the most essential facts about the 
apparatus as it comes from the makers, but before accurate work can 
be done with it, the bridge wire must be calibrated and the errors of 
the coils determined. These are processes involving gi eat care and 
a good deal of arithmetical work. An intelligible account of the 
methods we adopted to calibrate the bridge wire and correct the coils 
would be too lengthy for the present paper ; a description of such 
methods will be found in text- books on practical physics. The result 
of the calibration of the bridge wire is given in Table III. Column 1 
gives the bridge-wire reading, column 2 the correction, always posi- 
tive, to he added to reduce it to box units. 


Table III. 


B.TT. reading | 

Correction. 

B VT. reading. 

Correction. 

-10 

0*26 

0 

0*119 

-9 

0*246 

1 

0-114 

—8 ' 

0*232 

2 

0*121 

-7 1 

0*214 

3 

0-129 

-6 

0*193 

4 

f 1^>: J 

—5 

0*175 

5 

K 

-4 

0*161 

6 


-3 1 


7 


— o » 


8 


i 

0*129 

9 

0-090 


We see from Tables II and m that the corrections to be added 
to the bridge-wire reading may amount to more than 0 2°, and that 
the coil corrections are of the same order. 

When a pyrometer is first received from the makers, its PI* is 
generally too great. It is adjusted by removing the tube and siightly 
shnrtening the coil by twisting the end. The twisted junction is then 
fused in a small oxyhydrogen flame ; after this, any unfused turns are 
untwisted and the PI determined. With a little practice, it is easy to* 
adjust the pyrometer so that its PI is correct to within 0 1 per cent. 
If, in the process of fusing, the coil is shortened too much, it can 
sometimes be corrected by slightly stretching with a pin, but care 
must be afterwards taken to anneal the coil before determining its 
PI. Before making the final determination of the PI, the coil 
and leads should be annealed by heating the pyrometer, for about 
* The symbol PI denotes Fundamental Interval, that is, E^-Rq. 
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two-thirds of its length, to the highest temperature of a tube-coin 
bustion furnace. The saving of time in applying corrections is so 
great with adjusted pyrometers, that a little labour in getting the 
FI within 1 per cent, of 100 box units is well repaid. 

To Record and Reduce an Observation . — The bulb of the pyrometer 
being immersed in the substance whose temperature is required, a 
balance is obtained on the bridge, and the following points are 
noted. 

1. The time. 

2. The letters of the plugs out of the resistance box. 

3. The bridge-wire reading. 

4. The temperature of the coils inside the box. 

5. The barometer, read to l/10th mm. (in cases where pressure 
affects the result). 

These are entered in the note-book, of which a sample page is 
given in Table IV (p. 168). 

The next thing is to ascertain the corrections to be added to the 
observed values. Under the coil letters, we write the total corrected 
value of the coils in circuit taken from Table IT. 

Under the bridge- wire reading is placed the calibration correction 
from Table III. Under the box temperature comes the increased 
resistance of the coils in circuit due to their excess of temperature 
above 20°, the temperature for which Table II is correct. 

If the experiment is a boiling point, we usually write, as a quantity 
to be subtracted, the excess of the resistance over what it would have 
been if the pressure had been 760 mm. We thus reduce the reading 
to one at normal pressure. With thermometers in which the 
R 100 — Ho (or FI) is about 100 and the c about V5, we may assume 
that the value of E 10 o increases by 0‘037, and of R* increases by 0 072 
for each millimetre of barometiic pressure above 760, and conversely. 
For instruments in which the FI differs considerably from 100, or 
the 3 from 1'50, the corrections are somewhat more troublesome 
(see Section IV). 

The numbers under (2) and (3), and tbe corrections under (3), 
(4), and (6) are now to be added, and the result is E, the resistance 
of the pyrometer under the given conditions. 

If the fixed points are already known, we can now find 

pt = X 100 

where FI is the symbol for Rioo — Ro. 

The 3 chart then gives ns t — pt, and, therefore, t 9 the Centigrade 
temperature on the air-thermonteter scale. 

A resistance can generally be read with several different combina- 
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tions of coils and bridge wire. The results should, of course, bo 
identical ; and in practice, the groups of values of Ro» Rioo» an( i 
got thus, do not usually differ by more than 0*02® from one another, 
and are generally much nearer. In the sample page, such groups ot 
readings are given, but in the more condensed tables each Ro> Rioo? or 
R* is itself the mean of such a group ; the separate readings agreeing 
so well that it would be waste of space to give them. 


Tvble IV . — Pyrometer 14. 



1 

Time. 

1. 

1 

Coilb. 

2. 

i 

* Bridge 

* Ture. 

3. 

‘ Bov 
temp. 

* 4. 

Baro- 

meter. 

5. 

B. 

i 

1894. 
Dee. 21 
B. p. of 8. 

5-31 

AEG 
’ 689-81 

1 

! -7*022 
-t 0*215 

1 21-04° 
+0-191 

739-86 

+0-010 

683*204 


u 

5*53 

1 AE 

1 C79 -76 

1 +3-103 
-1-0-129 

21*05 

+0*193 

+ 3 

O CO 

6* 

683*202 


19 

5*59 

‘ AEH 
j 684-866 

-2-007 
+ 0-139 

, 21*08 
+ 0*198 

759-84 
+ 0-012 

683-207 



6*4 

l AFGK 
675 *095 

1 

. +7-798 

1 J-0-108 

21*1 
t 0*202 

759*84 
+ 0*012 

683 *215 


Ice 

i 

' 6 '40 j 

i 

CDF 

1 259 93 

. *p 1 *778 
+ 0-119 

j 

21-01 

+0-071 


683-207 

Kean 3b. 



261 *948 


9 

6*45 

CDFH 

265*085 

j -3*388 
[ +0*153 

21 *01 
+ 0*071 

•• 

261 *921 





1 

1 

l 


261-935 

Mean Bp. 

i>team .... 

6*35 

BE 

359 64 

1 +2*008 
| +0*120 

21*06 
+ 0*104 

739*05 
+ 0*035 

361-907 


" 

j 7*0 

1 

BEH 

1 364*745 

-3 *138 
+ 0-130 

31 *06 
+0 *104 

769-00 
+ 0-037 

361-898 



1 7*5 

BEG- 
369 *69 

-8-152 
+ 0*234 

21 *10 
| + 0-107 

738-95 
+ 0-039 

361-918 


i 

Dee. 31 
lee 

1 

5*40 

3 *45 * 
1 

I 

CDF 

CDFH 

+ 1*938 
-3*225 

i 

20*0 

20*0 

- 

361 *908 

MeanB 100 . 

FI = 99*97 
3 - 1*511 

» 

- 

037 

262*010 


1 





262*024 

Mean Bp. 

Sold J 

1,200 gr.^ 

6*5 

6* 10 . 
6*15 

ABCEH 

ABCEG- 

+4*80 

+4*79 

-0*185 

20*25 

20 , *40 


1169*73 
1169 *73 
1169 *73 

; 

|F.p.of Au 
> isl062*0 c 

1 a 
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The third decimal place in the constants has, of course, no claim 
to accuracy, but, as the observed readings of R 0 and R>ioo "with dif- 
ferent coils often agree to within 0*005, we think that accuracy in the 
.second figure is gained by giving the third. 

The separate readings of R 0 given in Table IV do not agree quite 
as well as usual, and the sulphur readings agree more closely than is 
usual. The small discrepancy between the ice points of December 
21 and December 31 is probably due to the pyrometer having been 
disconnected from the leads to the box in the interval. It does not 
aftect the PI. 


Sec n on II. 

As one of the most important questions about platinum pyrometers 
is that of the constancy of their zero, fundamental interval, and S, 
after exposure to high temperatures, we have tabulated in strictly 
chronological order the experiments made with certain pyrometers 
(see Tables V to IX, pp. 170 — 183). 

In the tables, column 1 gives the date of the experiment, 2 the 
hour or duration, 3 specifies the nature of the experiment, 4 symbo- 
lises the experiment, and the sub-index is the ordinal number for that 
species of experiment. Thus Al 3 means the third experiment on 
aluminium with the particular pyrometer. 

Column 4 is useful for quickly finding an experiment. 

Column 5, headed R,° l0 o, gives the values of the steam and ice points 
found on certain dates. Opposite them, in column 6, is the index 
number for referring to these constants ; and in column 7 is the FI or 
Ruo-Ro. Thus the three columns 5, 6, 7, read vertically, record the 
changes in the constants of the pyrometer due to the treatment it has 
undergone. 

Column 8 gives the resistance observed during the experiments 
referred to in 3 and 4. Column 9 gives the corresponding pt, and 
the suffix refers to column 6, and indicates the constants used in 
calculating pt. In cases where there is no suffix, the constants imme- 
diately preceding have been used. 

Column 10 gives the Centigrade temperature calculated from equa- 
tion (3), or taken from a chart. 

On the Changes in the Constants of the Pyrometers* 

By studying the columns enclosed between the thick vertical lines 
in the tables, we can trace the gradual change in the constants due 
to the treatment to which the instrument has been subjected. The 
change in FI is the most important. 

Consider Pyrometer 7. Here, with one trifling exception, the FI rises 



Table V , — Pyrometer 7. 
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Table VIII . — Vyrometer 13, 
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H 2 


* In this series, changes in the length of stem immersed did not affect the reading, 
t These experiments were made to test the temperature coefficient of the box. 
j These values of FI are interpolations, not observed numbers. 
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regularly and slowly from 99*92 to 100*19, while R 0 decreases by a 
few tenths of a degree. These changes are the result of at least two 
heatings to over 1100° for two hours each, and quite half-a-dozen ex- 
posures to a bright red heat for many hours, not to speak of many 
minor heatings and coolings. If these changes had been altogether 
ignored, the maximum error introduced at 1000° would have been 3° 
— a quantity of veT y little importance in the present state of our 
knowledge of high temperatures. 

Pyrometer 8, from July 2 to July 29, when it was broken, tells the 
same tale ; two heatings to over 1100° and several minor heatings 
altered the PI by only 0*011° and R 0 by 0*9°. Prom July 29 to 
October 7, its PI did not vary by more than 0*1°, or its Rq by more 
than 0*8°, although it was heated to 1000° on three separate occasions, 
and to a red heat half-a-dozen times. 

Pyrometer 11 tells the same tale of a very slight and gradual in- 
crease in the PI in consequence of exposure to temperatures near 
1000 °. 

Pyrometer 13 affords an excellent example of this slow secular 
rise in the PI ; even heating in molten aluminium produces a minute 
but steady rise. 

This appears to be the normal change in pyrometers such as ours. 
We are disposed to think that the change takes place, not while the 
coil is hot, but when it cools, and that it is due to the thickening of 
the mica plates on which the wire is wound. If the micas are ex- 
amined after prolonged exposure to high temperature, they are found 
to have become opaque and brittle, and when looked at edgeways they 
are clearly thicker than at first. Now, the coil on being heated will 
expand, and the permanent thickening of the mica, which is taking 
place at the same time, will not cause any strain in the wire ; but, as 
the coil cools, it will contract on to the now larger frame, become 
strained, and its resistance will increase. 

We therefore think that the constants should be determined before 
every important temperature experiment, and providing tho leads 
were well annealed originally, these constants should be used in cal- 
culating the no matter what the constants may be after the 
experiments. Unfortunately, we did not come to this conclusion 
until a late date, so that in many cases constants determined just 
before the experiment are lacking, and a slight uncertainty is thereby 
introduced into the results. But the correction is a small one. In 
some cases we have calculated the results with constants determined 
both before and after the experiment to show the amount of dis- 
crepancy. 

Other changes occur in the constants. If the pyrometer is un- 
screwed from the leads, slight changes in Rq and R^o, due to dirt on 



TawiK JX . — Pyrometer 10. New Sample of Wire. 
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* This sample of IfagCOj, had already been fused for an hour or more, and its f. p. taken with Pyrometer 37. It was falling steadily, 
f Platinum protector used to protect the fused salts from impurities. The fused salt was quite clear at 6.15, but become opaque during 
the later fusing. See Pyrometer 18. 
t la the calculation of t, the value 1 *532 of Dec. 25th is assumed for 5. 

§ These considerable changes are no doubt duo to strain. 
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the binding screws, may appear the next time the instrument is used* 
but the FI is not affected. 

If the leads have not been sufficiently annealed in a combustion 
furnace, irregular changes of several degrees may occur the first few 
times the pyrometer is used at a high temperature. 

Finally, there is a destructive change to which the pyrometers are 
liable at temperatures above 1000°. This is due to the melting of 
the glaze on the inside of the porcelain tube. The glaze at present 
used becomes sticky at 1100°, and melts at a somewhat higher tem- 
perature. If the frame, and especially the wire of the coil, does not 
touch the inside of the tube, the melting of the glaze is probably 
harmless. But if the wire, or even the mica, touches the fused glaze, 
it becomes attached to the tube, and, on cooling, a strain is produced. 
This may only produce an irregular alteration of the constants, and 
we have used successfully pyrometers in which the coil was fused to 
the tube. But if the glaze gets on the wire, it probably deteriorates 
it, and the instrument is no longer trustworthy, even its 8 altering. 
For temperatures above 1100°, it will be desirable to use tubes with 
no glaze on the inside. 

On Pyrometers with Different Values of 8. 

Our earlier pyrometers were made of a wire that we knew to have 
a 8 very near 1*50, and we were content at first with a somewhat 
rough verification of this fact for each pyrometer in turn. But, as 
we began to realise the accuracy of measurement possible with the 
pyrometers, it became worth while to find 8 with the greatest care, 
and the later determinations of c are those we use in calculating t 
We think that in the determinations of December, 1S94, the value of 
8 is correct to about y^yth part. 

It seemed desirable also not to confine our experiments to wire 
with a a of 1*50, but to see how far consistent results could be ob- 
tained with wire having a different 8 . 

Table XII of the freezing point of gold throws some light on this 
question. There we see values of 8 varying from 1*50 to 1*58, giving 
different values oijpt but the same values of t. Pyrometer 15 had 
an extraordinary 8 of 2*04 ; but still it gave, at first, the correct 
freezing point of gold. Similarly, Pyrometer 17, wiuh a a of 2*1, 
gave a good freezing point for sodium carbonate. These two pyro- 
meters, however, rapidly deteriorated, and we cannot regard them as 
absolutely proving that the 8 formula is applicable to such an ex- 
treme case. 
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Section IIL 
The Freezing Points of the Metals . 

The metals were usually fused in cylindrical crucibles 42 mm. wide 
and 105 mm. high, made either o£ plumbago or salamander, or of a 
hne, close-grained clay. When very slow cooling was required, these 
cylinders were placed inside another crucible, the interval between 
the two being filled with pieces of broken crucible. The silver, 
copper, and gold were fused in an ordinary PI etcher’s blast furnace, 
whilst for the aluminium, magnesium, zinc, tin, and antimony it was 
sufficient to use a draught furnace. The stirring was effected by 
hand, except in a few experiments with aluminium, when a rotary 
stirrer was used. The pyrometers were heated in a muffle furnace 
before being put into the fused metals, and when the experiment was 
completed they were transferred to the muffle and allowed to cool. 
In this way, the life of the porcelain tubes was greatly prolonged. In 
order to protect the fused metals from absorption of oxygen, wo 
passed either a current of coal gas or of hydrogen over the surface. 
This precaution was adopted in the cases of tin, zinc, antimony, 
magnesium, and silver. 


Freezing Point of Tin . 

Pyrometer 13 gave with 800 grams of tin a freezing point of 
231*91°. The tin used was a particularly well crystallised sample j 
it was free from copper, but contained a trace of iron. 

Freezing Point of Zinc . 

Pyrometer 8 gave with 700 grams of the metal a freezing point of 
419*35°, whilst the same pyrometer gave with 400 grams of zinc the 
number 418*57°. The zinc used was the purest distilled metal ob- 
tainable. The hydrogen produced from the solution of 50 grams, 
when slowly passed through a red-hot tube, did not deposit the least 
trace of arsenic or antimony. The zinc contained, however, a small 
trace of lead and a minute trace of iron, but the quantities were so 
small that they conld only be estimated eolorimetrically ; no trace 
of cadmium could be detected. 

The discrepancy between our numbers aud those of Griffiths 
(417*6°) is probably accounted for by the fact that he fused his zinc 
in an iron crucible ; this crucible was afterwards found to have been 
considerably attacked. 

Ar our object was to ascertain the behaviour of the pyrometers at 
higher temperatures, no further experiments were made with zinc 
and tin. 
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Freezing Point of Jflugnenum. 


Pyrometer. Wt. of 3Ig. j t. 

13(1) 71 grams 632*8 

13(2; 69 „ 632-5 

The metal used was “’commercial distilled magnesium, obtained 
direct from the Patrici'oft Company. It is improbable tbat it con- 
tained more than 99 per cent, of the pure metal : hence, our value is, 
no doubt, too low. 

The experiments on magnesium were discontinued for the present, 
owing to the rapid destruction of the pyrometer tubes and crucibles by 
the fused metal. 


Freezing Point of Antimony. 


Pyrometer. 


Wt. of Sb. 


7(1) 

7(2) 

13(1) 


300 grams 624 *3 

(commercial) 

500 623*5 

300 623 *5 


Pure Antimony from Tartar Emetic. 


7(S) 

1 500 grams 

629*39 

16(1) 

1 

629*79 

7(4 

i >» 

i 

629*45 


The mean freezing point of antimony (pure) is 629*54°. 

As we were much struck with the great discrepancy between tho 
freezing points of our commercial antimony and tbe usually accepted 
value (440°), we made a qualitative analysis, and found tbat it con- 
tains considerable quantities of lead. We therefore procured some of 
the pure metal made from tartar emetic, and satisfied ourselves that 
it was free from lead, iron, and potassium. It will be seen that this 
pure antimony had a higher freezing point than the commercial 
sample, and that the discrepancy between our number and 440° was 
increased. It is worthy of notice that the pure autimony behaved 
like the pure metals, silver, gold, aud copper, in having a freezing 
point persistent for a long time, and a melting point identical with 
its freezing point. The antimony was fused in a salamander cylinder 
placed in a small Fletcher’s blast furnace, and it was protected from 
oxidation, when cooling, by keeping a current of coal gas passing 
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oyer the surface. After fusion for six hours, the surface remained 
perfectly bright, like molten silver. At the end of the experiments, 
the freezing point was again determined with pyrometer 7 (4), and 
found to have undergone no change. 


Table X. — Freezing Point of Aluminium. 


P\ro. 

Wt. of AI. 

t. 

Pyro. 

j Wt. ofAl. 


7(1) 

68 grains 

656-2 

18^ 

1 200 grams 

654-1 

(2) 

282 „ 

654-4 

(1) 

180 „ 

655-8 

8(1) 

282 „ 

654 -6 

(4) 

1 175 „ 

655-0 

(2) 

— 

655*1 

(5) 

, 175 „ 

655-0 

(4) 

175 „ 

654*5 

(0) 

' 175 „ 

654 9 

13(1) 

(2) 

200 „ 

182 „ 

, 

652-5 

654-0 

(7) 

175 „ 

654-1 


The mean of these values is G54*5°. 

Perhaps it would be correct to reject 7 (1), on account of the small 
amount of metal used, and 13 (1), on account of the absence of flux, 
but both were good experiments, and the mean would not be altered 
by striking them out. 

8 (3) and (5) were rejected, on account of the absence of any stir, 
and 8 (5) and 8 (6) on account of the kind of aluminium used in 
them (electrolytic from Schaffhausen), which appeared to be less pure 
than the metal used in the other experiments. The freezing point 
of aluminium is far less definite than that of the metals antimony, 
silver, gold, and copper! Its temperature is never quite stationary, 
but, during the period of solidification, falls very slowly. There is 
no difficulty in determining the f. p. roughly, but a sharp reading is 
impossible. This, no doubt, is due to the impurities present (silicon 
and iron) in the samples of the metal at our disposal. 

The presence or absence of flux did not make a very great difference 
in the f. p. On some occasions we blew oxygen through the molten 
metal, but did not thereby alter the freezing point, although large 
quantities of oxide were formed. It would appear from this that the 
oxide is little, if at all, soluble in the metal. Prom the fact that the 
freezing point was not changed by blowing oxygen through the metal, 
we conclude that the impurities were not removed by the process. 
We found, by direct experiment, that the addition of crystalline 
silicon lowered the freezing point. 

We generally used as a flux a fused mixture of sodium and potas- 
sium chlorides with a little cryolite. This flux underwent some 
chemical changes, emitting flashes of light when it was stirred, but 
the f. p. of the aluminium did not appear to be affected by it. The 
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aluminium used in tlie experiments given in the table above was 
known to contain 99*5 per cent, of pure AL 


T iBLE XI . — ’Freezing Point of Silver . 


Pyro. 

Wt. of Ag. 

8(1) 

300 grams ^ 

•A 

11(1) 

'> 

298 grams 
300 „ 

99 

99 

11(2) 

700 (Stas) 

99 

91 

91 

11 

13(2) 

91 

268 grams 1 

» 

99 

13(3) 

19 

11 

» 

•9 

” i 

*> 

99 


t 

Pyro. 

Wt. of Ag. 

t . 

958*8 

13(4) 

700 (Stas) 

959-4 

958*8 

9) 

>9 

959*5 

958*8 


99 

959*4 

958*3 


9» 

959*5 

958*6 

16(1) 

99 

960*9 

958 -7 

91 

It 

960-9 

958-7 

11 

99 

960-9 

961*6 

16(2) 

700 (J.&M.) 

960-7 

961*6 

99 

99 

960*9 

961*6 

99 

99 

961*0 

961*6 

99 

99 

961-0 

957*5 

957-7 

16(3) 

298 (same as 
m 8 (3) ) 

959*6 

957-9 

,9 

99 

959*6 

958*3 

16(4) 

284 (J.&M.) 

960*4 

958*5 

99 

99 

960*6 

958*5 

958*5 

99 

99 

960*4 


All these experiments were performed in salamander crucibles, and 
a little coal gas was allowed to burn in the furnace during cooling, so 
as to maintain a reducing atmosphere. With this precaution, there is 
no absorption of oxygen, and no spitting. If this precaution is 
neglected, as in 13 (1) and the first Trading of 8 (1), the freezing point 
is always lower ; CaJlendar has already observed this fact. 

The 700 grams of silver used in 11 (2), 13 (4), and 16 (1) had been 
specially purified by us, using Stas’ method of precipitation with 
ammoniacal cuprous sulphite. Its freezing point was exquisitely 
steady, and, as in the case of the gold, there was no difference between 
the melting and freezing points. The experiments 16 (2) and 16 (4) 
were performed with a new and specially pure sample of silver from 
Johnson and Matthey ; its f. p* is the same as that of the Stas silver. 

It seems probable also, from comparing 16 (4) and 16 (2), that 
700 grams is better suited for an accurate determination than the 
smaller quantities. We therefore take, as the most probable value, 
the mean of 11 (2), 13 (4), 16 (1), and 16 (2), attaching equal weight 
to each group. 

We thus get the number 960*7° for the temperature at which 
silver freezes. 
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Table XII . — Freezing Point of Gold . 


Date. 

Wt. of Au. 

Pyro. 


pt. 

tf°C. 

Dec. 23, 1894: 






4.20 


18 

1-574 

903-15 

1061-5 

4.45 

Dec. 21: 

a 

9) 

99 

902 -85 

1061-2 


» 

13 

1*500 

908-60 

1061-8 

12.5 


» 


908 -66 

1061*9 

12.25 


99 


908 -68 

1061-9 

2.35 


16* 

1*532 

906-74 

1062-3 




99 

906-65 

1062*2 

3.16 

99 

» 


906-56 

1062*1 

1 





3.53 

■WiliIVM.'.Tg 

15 

2-04 

873-1 

1061*2 

4.45 

« 

13 A 

1-553 

905-8 

1061-9 



»» 

99 

99 

1061 -9 

4.58 

91 

*9 

99 

905-7 

1061-8 

5.5 

*9 

99 

99 

99 

1061 *8 

6.5 


14 

1*511 

907-95 

1062*0 



99 

99 

99 

1062 0 

6.15 

„ 

99 

99 

99 

1062-0 

7J5 


1 

| 1*577 

902-1 

1060-1 


The mean freezing point of gold is 1061*7°* 

In the experiments of December 23 and 24, the 782 grams of gold 
was contained in a small, cylindrical, clay crucible, imbedded in a 
larger crucible, and heated in a Fletcher blast-furnace. The immer- 
sion of the pyrometer was from 60 to 70 mm., and the rate of cooling 
very slow. The period of constant temperature lasted from the com- 
mencement of freezing nntii the gold was a solid mass, and the 
melting point seemed to be identical with the freezing point. 

In the experiments of December 30, with 1200 grams, the gold was 
contained in a single wider salamander crucible, and the depth to 
which the pyrometer was immersed was less than 60 mm. The rate 
of cooling was faster, and the period of constant temperature shorter, 
but the f. p. could in both cases be read to y-J-^th of a degree. If it 
were not for the expense, a pot of 2000 grams of gold would afford 
an ideal means of obtaining the higher fixed point on platinum 
thermometer. 

Messrs. Johnson and Alatthey assayed the gold for us before the 
experiments ; it proved to contain 99*95 per cent, of pure gold. A 
the experiments were finished, they again assayed the gold, and found 

that it had undergone no change whatever in purity. 

>. 

* A small uncertainty exists here as to the constants of 16. 
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Table XIII . — Freezing Point of Copper, 


Pyro. 

mw Jm.JiL.it < 

\rt. of Cu. j 

PC, 

Pyro. 

Wt of Cu. 

t°C. 

■ 

7(2) 

500 grams 

1079*6 

8(1) 

805 grams 

1079-0 



1079-5 

8(2) 

jj 

1080-6 



1080-4 

» 

» 

1080-5 

„ 

600 grams 

1081 *0 

11 

664 grains 

1081 *7 


i 

! 

1080-9 


» 

1081 *5 


n 

1080*9 

» 

»» 

1081 -5 


604 gram* 

1081 -0 

it . 

t> 

1081*3 

8(1) 

805 gram* 

1079-2 

12 ( 1 ) 

>» 

1080*3 

- 1 

» 

1079*0 

12(2) 

500 grams 

1081 *6 


The mean freezing point of copper is 1080*5°. 

These experiments were made in plumbago crucibles, the surface of 
the copper being protected from oxidation by a layer of molten 
borax ; this layer formed a colourless glass when examined at the 
end of the experiment. In some cases, a little powdered charcoal was 
added to the borax, but this precaution does not appear to be neces- 
sary if plumbago crucibles are used. If the copper is allowed to 
oxidise, its f. p. is lowered, presumably by the solution of the oxide 
7 (1)]. 

The copper used with pyrometer 8 was the best rod and bar 
copper, such as is used for electrical connections. The other samples 
were granulated electrolytic copper from Johnson and Matthey. 
The pyrometer tubes were rapidly attacked by the fused borax. 

Experiments on the Freezing Points of Salts . 

The recent very interesting experiments of Victor Meyer, Riddle 
and Lamb (Ber. 7 1894, 27, 3129), on the melting points of salts, 
determined by means of an air thermometer, hay© led us to slightly 
extend our work with a view to getting another comparison with the 
air thermometer. 

The freezing points of the salts were determined in a platinum 
crucible protected by an outer crucible, the space between being 
packed with magnesia or with broken crucible material. The por- 
celain tube of the pyrometer was protected from the action of the 
fused salts by a thin-walled platinum tube 105 mm. long, which 
fitted the pyrometer tube closely, like the finger of a glove. 

Several sources of error were noticed. 

1. The latent heat of most of the salts appears to be small, for a 
considerable amount of the salt crystallises before the pyrometer 
reaches a steady temperature. 

2. Owing to the fact that the solid salt is deposited as a non- 
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conducting layer on tlie surface of the pyrometer tube, which is at the 
-same time cooling by conduction along the leads and stem, the steady 
temperature does not last so long as in the case of a freezing metal. 
For these reasons we procured a larger platinum crucible capable 
of holding a kilogram of the fused salts, and the only experiments 
we regard as trustworthy were made with large quantities in this 
•crucible. 

3, Another source of error lies in the fact that the fused salts at 
these high temperatures are rapidly acted on by the water vapour 
cud reducing gases of the furnace. Our attempts to protect them 
were not altogether successful, owing to the necessity of keeping the 
crucible partly open to allow of the pyrometer being used as a stirrer, 
and also to the fact that platinum at high temperatures is readily 
permeable by gases. 


The fused sulphates, when examined after the experiments, were 
found to be feebly alkaline, sometimes gave a black stain on a silver 
•coin, and smelt slightly of sulphuretted hydrogen when moistened. 
The sodium carbonate slightly attacked the surface of the platinum, 
probably on account of the formation of a trace of caustic alkali. 

It may he expected that changes of this kind would be ronghly 
proportional to the duration of the experiment, and this is seen to 
be the case, for the f.p. of sodium carbonate becomes lower the 
longer it is heated. In the experiments with this salt, we can easily 
allow a correction for the time of heating; this gives us for the 
probable f.p. of freshly molten sodium carbonate a temperature very 
near 852°, both with pyrometers 16 and 18, and 850° for the abnormal 
pyrometer 17. We take 852° as the correct value, though this may 
turn out to be slightly too low. In the experiments with sodium 
carbonate, the deterioration of the salt could be watched by looking 
into the crucible ; the first two or three times the salt was fused it 
remained quite transparent, but afterwards it became opaque in con- 
sequence of some chemical change. 

Li the good experiments 16 (1), 13 (3), and 13 (1) with the 
su phates, no progressive fall in the freezing point was detected; we 
therefore thmk that the slight chemical changes which undoubtedly 
■occurred had no appreciable effect, and that the mean values 1066-5° 
for Potassium sulphate and 8832° for sodium sulphate may be 

•*?! p ^ tas f lum septate used in 16 (1) was afterwards 
titrated with standard acid, and was found to contain 0-2 percent of 

f? e ^ ,1 t r f koned M EOH. In a previous experiment we ascer- 
tained that 2 per cent, of sodium carbonate lowers the freezing point 

of potassium \ 2 °°’ as a very rough approximation we 
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As the nnmbei*s we obtained for the freezing points of these salts 
differed from those of Meyer, Riddle, and Lamb, we determined to 
follow their method more closely. A sample of 1 or 2 grams of the 
salt was placed in a platinum test-tube 8 mm. wide and 110 mm. 
long, and fused at the lowest possible temperature. A platinum wire 
was then introduced into the fused mass, and as it solidified the wire 
became fixed axially in the tube. The test-tube was then secured to 
the pyrometer in such a position that the fused salt was on a level 
with and close to the coil. The pyrometer, with attached tube, was 
now placed in a bath, contained in our large platinum crucible, of 
some salt or mixture melting at a lower temperature than the salt in 
the tube. The free end of the platinum wire was carried over a 
pulley, and a weight of 50 grams attached to it. On slowly heating 
the furnace, the rise in temperature could be watched with the gal- 
vanometer, and at the moment when the weight pnlled out the super- 
ficially-fused salt fi-om the test-tube the temperature of the hath was 
taken. By repeating the experiment several times, cutting off the 
supply of heat while the temperature was well below that at which 
the pull-out took place, we could make the rise of temperature at the 
moment of pull-out very slow. In all cases, the wire pulled out with 
it the bulk or the whole of the salt. 

When care is taken to make the rise in temperature of the bath 
very slow at the moment of pull-out, results consistent among them- 
selves are obtained by the method, bnt we are disposed to think that 
it always gives too high a temperature. For example, with KJ 3 O 4 
we got 1084° for the pull-out (? melting point) and 1066*5° for the 
freezing point, the two temperatures differing by 17*5°. Similarly, 
the pull-out point for sodium sulphate exceeds the freezing point by 
19°. As the pull-out point is determined on a rising, and the freezing 
point on a falling temperature, we should expect any lag of the pyro- 
meter to produce an opposite effect to the one observed. 

We think that the freezing point method is most probably correct, 
and that in V. Meyer’s method the temperature of the bath rises 
considerably above the true melting point before the wire pulls out. 
Notwithstanding this fact, the pull-out experiments enable us to 
compare our thermometry with the air thermometry of Meyer, Riddle, 
.and Lamb (Table XV, see next page). 

It will be seen that in experiments with potassium sulphate, con- 
ducted in the same way, our results agree very well with those of 
V. Meyer, but in the corresponding experiments with sodium sulphate 
we are 40° higher. It may he inferred that a pull-out experiment 
with sodium carbonate would have given us a reading about 20° 
higher than Meyer’s. 

It is certain that these discrepancies are not wholly due to the 
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thermometry, hut we are at present unable to localise the sources of 
error. 


Table XT. 



le Chatelier. j 

j Tietor Meyer. 

Heycock and Neville. 

Sodium carbonate . • . 

810° i 

_ 

852 *0° 

Sodium sulphate .... 

867 

— 

883*2 

Potassium sulphate. . 

1015 

— 

1066*5 


Melting Points by the Pall-out Method . 

Sodium carbonate ... — I 849° 

Sodium sulphate ... . - I 863 902 ‘2° 

Potassium sulphate. . — , 1078 1084*0 


General Companion of our Besults uith those obtained by other 
Observers . 

The best recent work on the melting points of silver, gold, and 
copper, that we are acquainted with, is contained in a paper by 
Holbom and Wien, “ TJeber die Afessung holier Temperaturen ” 
(Ann. Phys . Chem 1892, 47, 107). They used a platinum rhodium 
couple standardised by a porcelain air thermometer. 

Both their results and those of Meyer, Riddle, and Lamb, being 
based directly on air thermometry over the whole range studied, have 
a greater a priori claim to be regarded as standard numbers than 
ours, which are an extrapolation from air thermometry carried to 
600° only. At the same time we wonld point out that a comparison of 
our numbers, even when obtained by pyrometers having very different 
constants, with those of Holbom and Wien, shows that a platinum- 
resistance pyrometer yields much more consistent results up to 1100° 
than those given by a thermo-couple. 

We regard the substantial agreement of our results with those off 
Holbom and Wien as proving the validity of the 3 formula up to- 
1100°. This is, perhaps, the most important result of our work. 

On account of the pnrity of the antimony, silver, gold, and copper 
used by us, we attach considerable value to the freezing points found 
for these metals. The other metals were probably not so pure, an d* 
there may be on that account an error of a few degrees in the values, 
given. 

The following table gives a comparative view of our results, those 
of Holbom and Wien, and of some other recent workers. The numbers, 
are partly taken from Holbom and Wien’s paper. 
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Comparative Table XVI. 


1 

Year 

1879. 

1892. 

1892. 

1895. 

Observers . 

Violle. 

Holborn and 
Wien. 

Callend&r and 
Griffiths. 

Heycook and 
Neville. 

Tin 



281*7 

231'9 

Zinc 



— 

417 *6 

418-96* 

Antimony .. 

— 

— 

— 

629-54 

Magnesium. . 

— 

— 

— 

632-6 

Aluminium « 

625 

— 

— 

654-5 

Silver. 

954 

968 

972 -Of 

960-7 

Gold 

1035 

1072 

— 

1061-7 

Copper 

1 1054 

1 

1082 

i 

1080-5 


Section IV. 

Determination of the Ice Point Bq. — For tliis purpose, we use a 
double copper cylinder, the inner cylinder being 250 mm. high and 
100 mm. in diameter, with the interval between the two cylinders 
packed with felt. 

The ice is crushed to a fine powder by hammering it between folds 
of dry sail-cloth ; it is then washed, drained, and transferred to the 
inner copper cylinder. Water from previously melted ice is now 
poured on it, and the ice and water well stirred together. The excess 
-of water is drained off by a tube attached to the lower end of the 
cylinder until the water level is about an inch below the top of the ice. 

Great care must be taken to remove all soluble salts from the 
surface of the pyrometer tube before introducing it into the ice. 
The measurement of the resistance can be made when the pyrometer 
has been in the ice about five minutes. 

Determination of the Steam Point B 100 . — W e use a hypsometer of 
the ordinary form, except that it is provided at the side with a wide 
reflux condenser, so arranged as to deliver the condensed water 
into the boiler below the surface of the boiling water. Some arrange- 
ment of this sort is necessary, otherwise the steam would condense 
on the head of the pyrometer and injure the insulation. 

Since a change of 27 mm. in the barometer produces a change of 
1° in the boiling point of water in the neighbourhood of 100°, we seo 

that ~ = 0*037° per millimetre. If the thermometer is one whose 

fundamental interval is within 1° of 100, we can at once reduce 

* Meyer and Riddle by the air thermometer get 419° for the melting point of 
jsinc (Her., 1893, 26, 2446). 

t This number is not given by Calendar, hut it can be deduced from the data 
he gives (Phil. Hag., Feb., 1892). 
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Kion to tv hat it would have been at a pressure of 760 mm. (see- 
Table IV). 

It is absolutely necessary that the surface of the pyrometer should 
be free from all soluble salts when the steam point is being taken. 

"We used a special form of compensated sulphuric acid barometer, 
made by Sicks, of Hatton Garden. This barometer is the invention 
of Professor Callendar, and is described by him in the Phil, Mag. r 
January, 1894. It has a very open scale, one division being equal to- 
0*18S mm. of mercury, and is therefore much more suitable for our 
work than an ordinary mercury barometer. Mr. Griffiths kindly 
compared it daily for some weeks with his standard mercury baro- 
meter. A scale of comparison was then plotted in such a way that 
the readings were at once obtained on the mercury scale reduced to- 
0° and sea level in latitude 45. 

Determination of the Sulphvr Point E s . — Besides finding the con- 
stants Ho and B. 100 for a platinum pyrometer, it is necessary, in order 
to obtain the constant c in the equation 

t — pt = a{(t/ioo) 3 - f/ioo}, 

to find the resistance at some other known temperature, which should 
be at a considerable distance above R ieo - We have followed Callendar 
and Griffiths in choosing the boiling point of sulphur, and in the 
details of the method pursued. 

In order to obtain with accuracy a fixed point on a thermometer 
immersed in boiling sulphur vapour, it is necessary to pay attention 
to numerous small details. The following method gives the most 
satisfactory results. 

The vessel containing the sulphur, Pig. 3, resembles the outer 
boiling tube of a Victor Meyer’s vapour density apparatus. It is 
48 cm. long by 5 cm. diameter, with a bulb at the bottom 6 — 7 cm. 
in diameter, and is made of hard glass. 

The tube passes through the axis of a cone of asbestos card, the 
space between the cone and the tube being packed with asbestos wool. 
This outer cone, which is 36 cm. long and 15 cm. wide at the base, 
serves as a jacket, to prevent either too rapid cooling of the sulphur 
vapour or its superheating by the flame of the lamp. It is necessary 
that the liquid sulphur should reach 4 or 5 cm. up the boiliug tube, 
in order that any snperheated sulphnr vapour may be washed by the 
liquid sulphur out of contact with the overheated walls of the bulb. 
If this precaution he neglected, consistent results cannot be obtained. 
With a single large-sized Bunsen, and using 260 grams of sulphur, it 
takes about 1 J hours before the sulphur vapour appears above the 
top edge of the outer asbestos cone. 

The pyrometer is placed in the axis of the glass tube, as shown in 
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the figure, and it is absolutely necessary to protect the part containing 
the platinum spiral by means of a cone of thin asbestos, constructed 
as follows. Asbestos card, about in. thick, is rolled into a cone 
10 cm. long, with its base just wide enough to fit loosely the inside of 
the glass tube. This cone is stitched together with iron wire, and is 
perforated near its apex with three or four holes about \ in. in diameter. 
The base of the cone is closed with a plate of asbestos, perforated 
at its edges, as shown in the plan B of Fig. 3.* By means of this 



FiO. 3. — Section of sulphur-boiling apparatus showing pyrometer and inner cone, 
inner cone, which is bound to the pyrometer with iron wire, the 
sulphur vapour is made to take the path indicated by the arrows, 
whilst the liquid sulphur condensed above trickles either down the 
walls of the glass tube or over the surface of the cone, without flowing 
over the bulb. 

* This inner cone is referred to in the tables as the “ perforated protector.” 
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A pyrometer immersed in the sulphur vapour acquires the tempera- 
tore in about 10 minutes, and will not show a change of more than 
0*02° in the course of several hours, provided the barometer is steady. 
If the sulphur is allowed to solidify in the bulb, it can be remelted 
by withdrawing the glass tube from the outer cone and heating it 
round the surface of the sulphur, and not at the bottom of the bulb. 
If this simple precaution be adopted, the same tube will serve for 
some dozens of determinations. When the pyrometer is in the sul- 
phur vapour, the mouth of the tube is closed with asbestos card. 
The sulphur used in our experiments was kindly given to us by Mr. 
Allhusen, of Newcastle, and was chemically pure ; it was obtained by 
the partial combustion of sulphuretted hydrogen. 

Since the ft temperature of boiling sulphur varies with the height 
of the barometer, it is necessary to introduce a correction. From 
Regnaulfs experiments we get the change of temperature due to a 
small change of pressure in the neighbourhood of the boiling point. 


at 


= 0*082° C. per mm. 


This holds approximately for a change of 10 mm., either above or 
below the boiling point. An example will show most clearly how 
this pressure correction is applied. 

Example . — Pyrometer 16 on December 21 had the following con- 
stants. 


B 0 . . . . 288*847. B 100 . . . . 391-734. R 4 . . . . 723*788. 

rtf- 

Bar. . . 762*04. Since = 0*082 per mm., the sulphur was 

boiling at a temperature of 

444*53 + 0*082 x 2*04 = 444*7. 

Again, since pi = ^ ~ p° X 100, we get 
xtiao — tto 

p _ (723*788 - 288*347) X 100 
* 331*734 - 288*347 

_ 435*441 x 100 
103*387 
= 421*176. 


Hence, substituting in the formula 

t — pt — £ tilQQ(t[lQQ — 1), we get 
444*7 - 421*176 = S 4*447 x 3*447, therefore, 


. 23*524 

~ 15*328 


= 1*5347 


We wish here to express our indebtedness to the Grant C ommittee 
of the Royal Society for their liberality in placing at our dispo sal a 
stun of money for the purchase of instruments. 
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To Messrs. Johnson and Matthey for lending us, free of all charge, 
the considerable quantity of gold necessary for our experiments, for 
making the assays, and for valuable information concerning tbe 
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XXII. — Action of Potassium Cyanide Solutions on New 
Zealand Gold and Silver . 

By J. S.* Maclattrin, B.Sc , University College, Auckland, New 

Zealand. 

The present contribution is a continuation of a paper printed in the 
Transactions for 1893 (63, 724), in which the action between gold 
and potassium cyanide, the basis of the now extensively applied 
Macarthur-JTorrest or Cassel process, was investigated, and in which 
it was proved, 1st, that oxygen is necessary for the dissolution of gold 
in potassium cyanide solutions, and that it combines with the potas- 
sium of the potassium cyanide in the proportions required by the 
equation 4Au + 8KCN + 2 OH* + 0 2 = 4AuCN,KON + 4K0H. 
2nd. That the rate of dissolution of gold in potassium cyanide 
solutions varies with the concentration ; increasing as the solution 
becomes more dilute until it reaches a maximum at about 5 per cent., 
below which the rate of dissolution of the gold falls off, and that this 
remarkable variation may be explained by the fact that the solubility 
*o£ oxygen in such solutions decreases as the concentration increases, 
whereby the solvent power of the strong solutions is rendered less 
than that of the weaker solutions which are capable of taking up 
more oxygen. 

As these results appeared to warrant further investigation, I 
•continued my experiments, as detailed in the following pages. 

* In the last contribution, these initials were erroneously printed B. C. 
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In tlie paper already referred to, an experiment to prove the 
necessity of oxygen for the dissolution of gold in potassium cyanide is 
described, and it is shown that when precautions were taken to 
exclude oxygen, a gold plate lost only 0 0002 gram in 24 hours, 
whilst, when the same solution was exposed to the air, the plate lost 
0*00835 gram in the same time. In order to get more convincing 
proof on this point, I prepared gold paper by steeping filter paper 
in a solution of gold trichloride, containing x^th per cent of gold, 
suspending the moist paper horizontally over ammonia, and reduc- 
ing the oxide thus formed by immersion in a hot solution of oxalic 
acid (Skey, Trans . N.Z. Inst., 25, 383). After washing and drying, 
the paper had a uniform pink tint. A piece, J in. square, containing 
about 0*00002 gram of gold, was introduced into the limb of a Dumas 
bulb which had been two-thirds filled with a 5 per cent, solution of 
potassium cyanide. The end of the limb was then drawn out to a 
small diameter, and the cyanide solution boiled briskly during an 
hour, after which the boiling was considerably slackened and the 
point of the limb sealed with the blowpipe ; when the solution had 
cooled, the gold paper was shaken into it. In the first experiment, 
the colour in the paper faded before the limb was sealed. I con- 
cluded that this was due to the combined action of oxygen and hydro- 
cyanic acid, the latter being evolved in small quantity by the boiling 
solution, and condensing in the cold part of the limb where the gold 
paper was placed. In a second experiment, I therefore kept the 
limb hot enough to prevent condensation of the hydrocyanic acid ; 
this proved entirely successful, as, after the limb had been sealed, 
the gold paper, when shaken into the cooled solution, appeared to 
have lost none of its colour. Next day, however, the colour had 
faded a little, but it required eight days to make the gold paper as 
colourless as a piece of plain filter paper which had been introduced 
along with it for comparison. Or, in other words, it required eight 
days to dissolve 0*00002 gram of gold. The point of the limb was 
now broken, the solution well shaken to saturate it with air, and a 
piece of gold paper, in every respect similar to that used in the first 
part of the experiment* introdnced into the bulb. The colour of this 
paper faded completely in two minutes. This experiment can leave 
no doubt as to the absolute necessity of oxygen in order to bring 
about dissolution of gold. 

As the results given in Tables V and VI (Trans., 1893, 63, 731) 
are insufficient to completely determine the law governing the dis- 
solution of gold in solutions of cyanides of varying strengths, I made 
the following additional series of experiments. 

In the former experiments, a single gold plate was used for each 
determination, and the results show a certain amount of irregularity* 
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Four plates were now taken and dealt witli as follows. The plates, 
numbered 1 and 2 were suspended by cotton in a small flask contain- 
ing a 50 per cent, cyanide solution, those numbered 3 and 4 in a 
similar flask containing a 40 per cent, solution. Purified air was 
aspirated through the two flasks. The losses sustained by the plates 
are given in the following table. 


Table I. 



50 per cent. KCN. j 

40 per cent. KCN. 

Numbers on platen 

1 

2 

3 

4 

Loss of gold in. tw o hour& . 

0-00195 

0 00125 

0-00405 

0-00485 


When the plates 1 and 2 were placed in the 40 per cent, solution* 
and 3 and 4 in the 50 per cent, solution, the results were as follows. 


Table II. 


i 50 per cent. KCN. 

40 per cent. KCN. 

Numbers on plates ^ 3 

4 

1 

2 

Loss of gold in tvo hours. | 0 *00135 

0-00245 

0*0035 

0*0025 


From these numbers, it appears that there is considerable variation 
in the amount of gold dissolved from apparently similar plates. In 
order to get more concordant results, I remelted several of the plates, 
and dividing the button into four parts, rolled and stamped these into 
plates as already described. With these plates, and using two large 
WoulfFs bottles in place of the small flasks employed in the last ex- 
periments, a considerable number of determinations were made; 
100 c.c. of cyanide solution was put into each of these bottles and 
kept at a constant temperature by immersion in a small tank of 
water. The results, although agreeing much more closely than those 
just given, still varied considerably. I therefore modified the experi- 
ment by bending the points of the inlet tnbes at right angles, so as to 
keep the solutions more thoroughly agitated than before. Eight 
determinations were made, using this method, but with no better 
results. 

As it seemed probable that the irregularity of the results was due 
to small bubbles of air being carried in varying numbers to the 
different plates, it was necessary to devise some process by which the- 
cyanide solution could be thoroughly agitated and kept saturated 
with air without the possibility of air hubbies in suspension coming 
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in contact with, the gold plates. The apparatus shown in Pig. 1 
meets these requirements. A regular stream of air driven by a filter 
pump through several solutions o£ potassium hydrate up a tower con- 
taining cote saturated with that solution, and then through three 
flasks containing banum hydrate solution, issues from the drawn-out 
point of the tube C, and passing into the open end of the tube D, 
carries a stream of cyanide solution into the bottle B, where it is 
syphoned back by E, and thus a constant circulation of the solution 
is maintained The vessels A and B stood in a small tank contain- 
ing water at 18°. From preliminary experiments, it had been found 
that when there is little cyanide solution the oxygen is withdrawn from 
the solution by the gold more rapidly than it is absorbed, even when 
the stream of air is rapid. In the present series of experiments, I 
therefore used a large amount of solution (500 c c ), and reduced 
the duration of the experiment to one hour. 



Fio. L Pi® 2. 


The cyanide solution was saturated at 18° with air by shaking 
vigorously for five minutes in a 40-oimce stoppered bottle, removing 
the stopper several times to equalise the pressure. The bottle fitted 
into a small wool-lined box, and, with due precautions, it was an easy 
matter to have the temperature ot the contained solution, 18°, at the 
close of the shaking. The gold plates were suspended by cotton 
from the hooks attached to the beam K, Fig. 2, which was itself sus- 
pended from the crank H fixed to the shaft 0 of a small water wheel 
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driven at 20 revolutions per minnte by a carefully regulated supply 
of water. These plates were dropped iuto the solution in A, and the 
cotton suspenders being always made the same length, the plates 
were at the same depth in all the experiments, being about an inch from 
the bottom in their lowest position, and two inches in their highest. 
The preliminary experiments with this apparatus showed slight 
differences in the losses of the four plates in the same solution. Thus, 
in two hours, with 50 per cent, solution, the losses were 0*001025, 
0*00115, 0*001075, 0*00095; with 45 per cent., 0*001175, 0*001575, 
0*001625, 0*00125 ; and with 35 per cent., 0*00225, 0*0023, 0*002275, 
0*002175. 

In these experiments, No. 1 plate hung from No. 1 hook, No. 2 
plate from No. 2 hook, and so on. Thinking there might be differ- 
ences in the rate of motion of the solution in proximity to the respec- 
tive plates, owing to the syphon coming in at one side of the vessel A, 
the positions of the plates were altered, putting No. 1 plate on No. 2 
hook, and so on, these different arrangements being repeated many 
times, but it was not observed that a plate in one position sustained a 
greater loss than in any other. After exposure to the cyanide solu- 
tion, the plates were rapidly washed under the tap, and then with 
distilled water, roughly dried with filter paper, and heated to low 
redness by holding them with iron forceps in a Bunsen flame. As 
the different degrees of heating and different rates of cooling to 
which the four plates were subjected might affect their rates of dis- 
solution in cyanide, 12 experiments were made in which everything was 
conducted as before, except that the plates, after being washed with 
water and then with alcohol, were dried at a low temperature. The 
results were no more concordant than before. 

In order to discover if these slight irregularities in the results were 
due to impurities in the plates, I prepared some gold by the method 
adopted by Professor Thorpe when determining the atomic weight of 
that metal. Two plates were made from this purified gold, in the 
maimer already described, but these, when exposed to the action of 
cyanide solution under varying conditions, differed slightly in their 
losses just as the old plates had done. These plates, with two of the 
old ones, were subjected to the action of cyanide solutions in eight 
experiments, and sustained the following total losses. New plates, 
0*0402, 0*0415 gram ; old plates, 0*0392, 0*0409 gram. 

Finally I abandoned the attempt to get absolute agreement among 
the plates, and resolved to make up for the want of this by multiply- 
ing the number of determinations and taking the mean of the results. 
The numbers so found are shown in Table III, and graphically on 
pp. 205 and 206, Plates I and II. 

These results show that the rate of dissolution of gold in solutions. 
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Table III. 


KCN. | 

Grams » Gold 
per dissolved. 
100 c.e. ' 

i 

KCN. 

Grams 

per 

10U e c. 

Gold 

! distooh ed. 

1 

KCN. 

Grams 

per 

100 c.c. 

Gold 

dissolved 

ECN. 

Grams 

per 

100 e c. 

Gold 

dissolved. 

50 

0*00050 

20 


4 


0*1 

0*00675 

45 

0 *00064 

15 


3 

0 *00613 

0*05 

0*00666 

40 

0*00091 

10 


2 

0*00627 

0*02 

0*00613 

35 

0*00124 

8 


1 i 


0*01 

0*00345 

30 

0*00163 

G 


0*5 

0 -00670 

0*005 

0*00030 

25 

0*00210 

5 



0*00684 




of potassium cyanide gradually increases as the concentration of the 
solution decreases, reaches a maximum at 0*25 per cent, solution, and 
again decreases. 

As it seemed desirable to determine whether another metal would 
show similar variations in its rate of dissolution in cyanide, the 
following experiments were made with silver plates. These were of 
the same size as the gold plates, and were prepared from the chloride,. 
On exposing them to the action of cyanide solution, the losses of the 
four plates varied slightly ; as in the case of the gold. Their posi- 
tions were changed, some determinations were made without blowing 
air through the solution ; washing with alcohol and drying at a low 
temperature, instead of heatinglto redness, was also tried ; and, lastly, 
the four plates were connected by a silver wire, bnt through all these 
varying methods there were slight differences in the losses of the 
plates. Sometimes one plate would lose more than any of the others in 
each of several determinations, and then another would head the list 
for a few experiments, only to give place to a third ; at other times, 
the plates varied in their losses from experiment to experiment. 

As in the case of gold, I fin al ly gave up the attempt to get absolute 

Table IV. 


EC N. 
Grams 
per 

100 c.c. 


ECN. 

Grams 

per 

100 e.c. 

1 

1 Silver 

I dissolved. 

ECN. 

Grams 

per 

100 c.c. 

Silver 

dissolved. 

KCN. 

Grams 

per 

100 c.c. 

1 

Silver 

dissolved. 

50 

0*00033 

25 

1 0*00125 

2*5 

0*00393 

0*05 

0*00380 

45 

0-00044 

20 

* 0*00159 

1 

0*00395 

0*02 

0*00285 

40 

0*00056 

15 

, 0*00205 

0*5 

0*00400 

0*01 

0*00213 

35 

0-00078 

10 

0*00257 

0*25 

0*00410 

0*005 

0*00040 

30 

0-00097 

5 

0*00356 

0-10 

0*00396 
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agreement among the plates, and was forced to make a large number 
«t determinations, and to take the mean of these in compiling Table 


irji 


mi 


lEIti 


mi 






XV, and in drawing the curve shown in Plates I and II. The results 
so obtained are comparable with those shown for gold, since, in 
both cases, the plates were the same size and the conditions of experi- 
ment exactly the same. 





Plate II, 
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The results given in this table show that the rate of dissolution 
of silver in solutions of potassium cyanide gradually increases as 
the concentration of the solution decrease*, reaches a maximum at 


[■■■■■■■■■■■■■■■■■■■■■■■■i 
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0 25 P er oen * ! * solution, and again decreases. These changes in the 
rate of dissolution are similar to those shown by the gold plates, 
and the point of maximum solubility is the same. Further, the ratio 


Solubility of gold and silver* 



Peatb III 
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of the gold to the silver, dissolved by any particular strength of 
cyanide solution, is approximately that of their atomic weights. 

These remarkable variations in the solubility of gold and silver 
maybe explained as already stated (p. 199), by tbe fact that the solu- 
bility of oxygen in cyanide solutions decreases as the concentration 
increases, and that thus the solvent power of the strong solutions is 
rendered less than that of the weaker solutions, which are capable of 
taking up more oxygen. 

In Plate III, I have redrawn the curve, showing the absorption 
coefficients of oxygen in cyanide solutions, and have placed beside it 



the curves representing the solubility of gold and silver. In order to 
make these comparable, the scale on which gold is represented in 
vol. uxvn. p 
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Plates I and II lias been increased four times, and that for silver six 
and a half times. 

In Table VI (p. 211), the relations of the gold and silver to the 
oxygen are shown under the headings Au/O and Ag/O (found). On 
considering these, it is evident that the solnbilities of the two metals 
are dependent on that of oxygen. Now, if the amount of gold or 
silver dissolved depends solely on the amount of oxygen in solution, 
the values Au/O and Ag/O should be constant ; but in the results 
found it will be seen that these values differ considerably, gradually 
decreasing as the concentration increases. Therefore, in the more 
concentrated solutions there is less metal dissolved than the amount 
of oxygen in solution appears to demand. This points to some retard- 
ing action on the motion of the oxygen molecules. Now, it seemed 
probable that viscosity has such a retarding action on the motion of 
the oxygen molecules in solution, reducing their velocity, and conse- 
quently diminishing the number of impacts ou the surfaces of the 
plates in a given time, and so decreasing the amount of gold or silver 
dissolved. In order to test the validity of this conclusion, the rates 
of dissolution of gold and silver were determined in cyanide solutions 
rendered more viscous by the addition of various substances such as 
sugar and glycerol, which might he assumed to exert no chemical 
influence on the solubility of these metals. The results are shown in 
Table V. As it was found that the coefficients of absorption of 
oxygen for solutions containing equivalent proportions of sugar and 
of potassium cyanide are approximately the same only a few of the 
coefficients shown in this table were determined, the majority being 
calculated from the curve showing the solubility of oxygen in potas- 
sium cyanide solutions. 


Table V. 


» 

| Grains 
per 

' 100 c c. 

i 

KCN. 
Grams 
per 100 
c c. 

Dissolved in one hour. 

Oxygen co- 
efficients of 
absorption. 

Ally O. 

Gold, j 

Silver. 

Sugar 

0 

1 

0-00650 ! 

0 *00395 

0*028 

0*232 


5*20 

1 

0 -00488 1 

— 


0*195 

>* 

15*78 

1 

0 *(10333 1 

— 


0*151 

» 

26 ‘80 

1 

0*00243 j 

— 


0*116 

» ••••»• 

36 82 

1 1 

0*00152 

— 

■itofrafe 

0 080 


26 *30 

5 

0*00211 

— 

0-0187 

0*113 

Glycerol .... 

14*15 

10 

0*00223 

— 

0*0171 

0*130 

Gum acacia . 

1*0 

1 

0*00492 

0*00342 



Gelatin 

1*0 

1 

0 00374 

0*00250 



Starch < 

I 1*0 

1 

0 00443 

0*01270 
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The results in this table, and especially those in the column Au/O, 
prove very conclusively that the assumption as to the retarding action 
of viscosity was correct. 

Suppose now that we consider the number of times in a second a 
given oxygen molecule strikes a surface. We may assume from the 
results just given that this will depend on the viscosity coefficient z, 
or, in other words, will be a function of z . So that if N be the 
number, we can write N = a + bz + cz 2 + &c., where a, 6, and c ai e 
independent of z (Maclaurin’s theorem) ; or since Au/O, Ag/O aie 
dependent on the number of impacts in unit of time, we can write 
Au/0 = a + bz + cz 2 -t* &c., and Ag/O = a x -f b^z -f CiS 2 -f &c. 

In order to ascertain if these relations hold good for the values of 
An, A g, and 0, found, I determined the coefficients of viscosity of a 
number of cyanide solutions. The observations were made by Garten- 
meister’s method (Zeit. plujsik. Chern 6, 52 4), using Finkener’s 

formula z = -g~ — In this expression, r is the radius and l 

the length of a capillary tube through which a volume p 
v of the liquid of sp. gr. s flows, under a pressure p in 
unit of time. In my apparatus, Fig. 3, the constants 
were as follows, r = 0*23477 mm.; p = (A + Ai)s = 

(HC -f- CB)s = (318*4 mm. + 31*34 mm.)s = 349*74 s ; 
l = «rH = 300 mm.; v =zV/t (where V is volume of 
bulb in c.c. and t is time of flow in seconds) = 6*88832/f. L J . 

The value of h t was found by measuring with a cathe- V J 

tometer the height BG when half the weight of water \f 
contained between A and 0 had flown out. The trust- WI—d 
worthiness of the apparatus employed was tested by 
determining the value for water, which was found to 
be 0*108842 at 18°, a value which corresponds well 
with Gartenmeistcr’s number v hen corrected for tem- 


perature. 

[A ofa. — There is an error in Gartenmeister’s calcu- 
lation of the value of the second park of Finkener’s 
formula. In his paper, he gives for his first pipette 
the following constants. 

V = 8*1015 c.c. ; t =- 0*31842 mm. ; l = 335*2 mm. ; 

A = 354*4 mm. ; and hi =■ 17*4 mm. ; and calculates for 

z the value 0*0 S 55267 s.t — whereas it should 

he 0-0,552715 s.t. - £'9‘. 9 !? 3a . 

t 

This erior makes his values slightly smaller than 
x hey should le; thus, for waier at 20° he finds z = Fm. 3 
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0 1030, whereas from his determinations and a correct use of the 
formula he should have obtained a = 0*1035.] 

The values at 18° of s — the coefficient of viscosity — for 5, 10, 20, 30, 
40, and 49 per cent, solutions are represented graphically in Plate 1Y, 
and, by the aid of the curve so obtained, the intermediate values were 
calculated, and placed together with ihose found by direct experi- 
ment under z in Table VI. In the same manner, the undetermined 
values for oxygen have been calculated from the curve representing 
the solubility of oxygen, and the results, together with the original 
determinations, are embodied in this table. 


a o 

o J>> 

5 


® 5 § I? S 

‘JC 03 T sSujnsojaj 

Under An/O sndAtf/O are shown the values found, and also those 
calculated by the aid of Maelaum’s theorem ; that is to say, by the 
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TarTjE VT. 



Dissolved in one 
hour. 

Oxygen 
coeifi- 
cients of 
absorp- 
tion. 

Found. 

Calculated. 

z . 


Silver. 

Au/O. 

Ag/O. 

Au/O. 

Ag/O. 

50 

0*00050 

0*00033 

0*0032 

0*156 

0*103 

0-154 

0-102 

0*1962 

45 

0*00064 

0 00044 

0*0040 

0*160 

0*110 

0-172 

0-110 

0*1760 

40 

0*00091 

0*00056 

0*0049 

0-185 

0*114 

0-188 

0*117 

1 0*1581 

35 

0*00124 

0*00073 

0*00625 

0-198 

0-117 

0*201 

0*123 

. 0-1439 

30 

0*00163 

0 *00097 

0*0079 

0*206 

0-123 

0*210 

0*127 

0*1336 

25 

0*00210 

0*00125 

0*0100 

0*210 

0-125 

0-217 

0*130 

1 0*1252 

20 

0-00277 

0*00159 

0*0124 

0*223 

0*128 

0-223 

0 183 

0*1188 

15 

0*00350 

0*00205 

0*0152 

0*230 

0*135 

0-227 

0*134 

0*1144 

10 

0*00410 

0 *00257 

0*0185 

0*238 

0-139 

0-230 ! 

0*136 

j 0*1107 

5 

0*00572 

0*00356 

0*0230 

0*248 

0-154 

0-232 

0-136 

1 0*1091 

1 

0 *00650 

0*00395 

0*0280 

0*232 

0*141 

0*232 j 

0*136 

| 0*1089 


formula An/O = a -f- bz 4- &c., where a = 0‘33 and b = — 0'9, and 
Ag/O = ch + bx 2 + dec., where a* = 0*18 and &i = —0*4 

The close agreement of the values found by these two methods is 
sufficient to prove that the true explanation of the smaller solubility 
of the gold and silver relatively to the oxygen in the more concen- 
trated solutions is to be found in the greater viscosity of these solu- 
tions. 

The following is a summary of the results obtained in this and the 
former paper. 

1. Oxygen is necessary for the dissolution of gold in potassium 
cyanide, and no gold is dissolved in its absence. 

2. The ratio of the gold dissolved to the oxygen required for its 
dissolution is 196 : 8 as demanded by the equation 4Au + 8KCN H- 
0* + 20H S = 4AuCN,KC]Sr + 4KOH. 

3. The rate of dissolution of gold in potassium cyanide solutions 
varies with the strength of the solution, being small for concentrated 
solutions, increasing as the solution becomes more dilute, reaching a 
maximum at 0 '25 per cent, of cyanide, and then again diminishing. 

4. The rate of dissolution of silver in potassium cyanide varies in 
the same way, and the maximum is reached at the same degree of 
dilutiou. 

5. The ratio of the amount of gold dissolved by any given cyanide 
solution to that of the silver dissolved by the same solution is nearly 
the ratio of their atomic weights. 

6. The variation in the rate of dissolution of gold in cyanide 
solutions is not directly influenced by the amount of cyanide in 
solution, except in the case of very dilute solutions, bnt is mainly 
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dae to the solubility of oxygen in these solutions, the amount of gold 
dissolved being nearly proportional to the absorption coefficients of 
oxygen in such solutions. 

7 The late of dissolution of gold is, however, not exactly propor- 
tional to the above-mentioned coefficients, but is rather less than it 
should be for the more concentrated solutions. 

8, The explanation of this diminishing ratio of the gold dissolved 
to the oxygen available, as the concentration of the solution increases, 
is to be found in the increasing viscosity of the solutions as the 
quantity of cyanide augments. 

9. The explanations given in 6, 7, and 8 are equally applicable to 
the dissolution of silver in potassium cyanide solutions. 
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T\blk YI. 


KCN. 

Grains 


Dissolved in one 
hour. 


I Oxygen 
coeffi- 


Eound. 


Calculated. 


per 

100 c.c. 

1 Gold. | 

1 i 

j Silver. 

i .. . 

absorp- j 
tion. 

! Au/O. 

Ag/O. 

Au/O. 

Ag O. 


i 

50 1 0-00050 1 

! 

1 0-00033 

0*0032 

0-156 

0*103 

0-151 

0-102 

0-1962 

45 

0*00064 i 

0-00044 

0-0040 1 

0-160 

0T10 

0-172 

0-110 

0-1760 

40 1 

I 0*00091 , 

0-00056 

0-0040 1 

1 0-185 

0*114 

0-1S8 

0-117 

0*1581 

35 

0*00124 1 

1 0-00073 

1 0 *00625 

0*198 

0-117 

0-201 , 

0-123 

0-1430 

30 

0*00163 

0-00097 1 

1 0 *0079 

0-206 

0-123 

0-210 1 

0-127 

0-1336 

25 

0-00210 

0-00125 

, 0 *0100 

0-210 

0*125 

0-217 1 

I 0-130 

0-1252 

20 

0 -00277 

0-00159 1 

i 0 *0124 1 

I 0*223 

0-128 

0*223 I 

1 0*133 

0-1188 

15 

0-00350 

0-00205 

[ 0 -0152 

1 0-230 

0-135 

0*227 

0-134 

0-1141 

10 

0-00410 

0-00257 

1 0*0185 

0*238 

0*139 

0-230 | 

0-136 

t 0-1107 

5 ! 

0-00672 

0-00356 1 0-0230 

0-248 

0*154 

0-232 1 

0-136 

0*1091 

1 

1 0-00650 

0 -00395 

1 0*0280 

0*232 

0*141 

0*232 | 

0*136 

| 0*1089 


formula Au/O = a + bz + &c., where a = 0*33 and b = —0*9, and 
Ag/O = «i + biZ + &c., where Oi = 0*18 and hi = —0*4 

The close agreement of the values found by these two methods is 
sufficient to prove that the true explanation of the smaller solubility 
of the gold and silver relatively to the oxygen in the more concen- 
trated solutions is to be found in the greater viscosity of these solu- 
tions. 

The following is a summary of the results obtained in this and the 
former paper. 

1. Oxygen is necessary for the dissolution of gold in potassium 
cyanide, and no gold is dissolved in its absence. 

2. The ratio of the gold dissolved to the oxygen required for its 
dissolution is 196 : 8 as demanded by the equation 4Au + 8KCN -f 
0 2 + 20H 3 = 4AuCN,K02T + 4KOH. 

3. The rate of dissolution of gold in potassium cyanide solutions 
varies with the strength of the solution, being small for concentrated 
solutions, increasing as the solution becomes more dilute, reaching a 
maximum at 0*25 per cent, of cyanide, and then again diminishing. 

4. The rate of dissolution of silver in potassium cyanide varies in 
the same way, and the maximum is reached at the same degree of 
dilution. 

5. The ratio of the amount of gold dissolved by any given cyanide 
solution to that of the silver dissolved by the same solution is nearly 
the ratio of their atomic weights. 

6. The variation in the rate of dissolution of gold in cyanide 
solutions is not directly influenced by the amount of cyanide in 
solution, except in the case of very dilute solutions, but is mainly 
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due to tlie solubility of oxygen in these solutions, the amount of gold 
dissolved being nearly proportional to the absorption coefficients of 
oxygen in such solutions. 

7. The rate of dissolution of gold is, however, not exactly propor- 
tional to the above-mentioned coefficients, but is rather less than it 
should be for the more concentrated solutions. 

8. The explanation of this diminishing ratio of the gold dissolved 
to the oxygen available, as the concentration of the solution increases, 
is to be found in the increasing viscosity of the solutions as the 
quantity of cyanide augments. 

9. The explanations given in 6, 7, and 8 are equally applicable to 
the dissolution of silver in potassium cyanide solutions. 


XXIII. — Octacetylmaltose. 

By Arthur R. Ling and Julian L. Baker. 

In the course of an investigation of the “ Acetyl Derivatives of the 
Sugars 99 now being made by one of us, an octacetyl derivative of 
maltose has been obtained which differs in some of its properties 
from that described by Herzfeld. As, however, our methods of pre- 
paration were not quite identical, we subsequently followed this 
chemist’s instructions as far as we could ascertain them, the result 
being that the same compound was obtained in both cases. Having 
acetylated maltose under a variety of conditions, and having obtained 
one and the same octacetyl derivative in all cases, we are forced to 
conclude that Herzf eld’s description of octacetylmaltose is not strictly 
accurate. 

We will now briefly refer to Herzf eld’s papers on the derivative in 
question. He first prepared it in 1880 (Ber., 13, 267), and later 
(Annalm* 1883, 220, 215) published a more minute description of 
its properties. It was obtained by boiling dry maltose with anhy. 
drous sodium acetate (1 part) and acetic anhydride (3 parts) in a 
reflux apparatus for three-quarters of an hour. The author states 
that it crystallises from alcohol in colourless prisms, melts and de- 
composes at 150 — 155°, has a bitter taste, and is readily soluble in 
ether, hot alcohol, glacial acetic acid, and benzene, sparingly in 
carbon bisulphide, but insoluble in cold water and chloroform. 

Preparation of Octacetylmaltose . — Pure maltose (10 grams) is well 
mixed in a mortar with anhydrous sodium acetate (10 grams), and 
the pulverised mixture introduced into a flask; acetic anhydride 
(20 c.e,) is then poured on to the mixture, and the whole heated to 
incipient boiling. A very violent action occurs, which continues for 
about a minute, when it will be found that the whole of the solid 
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substance bas dissolved. The solution, after being boiled for about 
5 minutes to complete the acetylation, is poured into a large volume 
of water, and the syrupy precipitate which separates is repeatedly 
washed by decantation with small quantities of water ; this causes it 
to become more viscid, and finally it solidifies. It is then drained as 
completely as possible from the water, dissolved in 90 per cent, 
alcohol, and the solution repeatedly evaporated with fresh quantities 
of alcohol until it is quite free from acetic acid. The product is dis- 
solved in 90 per cent, alcohol, and placed in a desiccator over concen- 
trated sulphuric acid, when crystals begin to be formed at the end of 
12 hours or less ; these are prismatic needles, and in some cases stout 
prisms. 

Mr. W. J. Pope kindly examined some of the latter for us crystal- 
lographieally, with the following results. 

The crystals consist of fragments of orthorhombic prisms, and are 
several mm. in length and about 0'5 mm. in thickness : the end faces 
of the crystals are absent, having apparently been broken off. The 
forms present are m{110}, m^SQO}, and Wu{l 30 0}, and the prisms 
appear as if striated perpendicular to the c-axis ; this appearance 
would seem to be due to cracks rather than to ordinary striations. 
The forms w{110} and ^{890} are much more largely developed 
than the prism m n { 1 30 0}. 

On examining the crystals in the polarising microscope, the extinc- 
tion is found to be parallel to the c-axis ; under a -^th oil immersion 
objective, the biaxial interference figure is seen emerging through 
one of the faces of the form mu {1 30 0}. The optic axial plane is 
therefore parallel to the pinacoid a{100}. The axial angle is small, 
and the double refraction positive and weak. The dispersion is 
slight, and the angle for red light greater than that for blue. 

Crystalline System : Orthorhombic. 
a : b : e = 0‘8670 : 1 : ? 

Forms present — 

m {HO}, 

m z {890}, 

mu {130 0}. 



Angles. 

No. of 
observations. 

Limits. 

Mean. 

Calc. 


= 110 : 110 

10 81° 

28'— 82° ir 

8i° sr 

— 

mm x 

= 110 : 890 

14 3 

G— 3 57 

3 36 

3° 22' 


- 890 : 1 80 0 

9 43 

6—43 51 

43 28 

43 31 

**u»u 

= 130 0:180 0 

11 4 

6— 4 41 

4 23 

4 24 


The observations recorded hdre differ altogether from those of 
Herzfeld (Zoc. cit.), as if this preparation of octaeetylmaltose were not 
chemically identical with the one here described. 

Q 2 
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The crystals of octacetylmaltose are collected after a lapse of 24 
hours, and recrystallised from alcohol, the solution being treated, if 
necessary, with animal charcoal free from ash constituents. Prepared 
in this way, it forms magnificent, long, prismatic needles, and melts at 
158 — 159° without undergoing decomposition. It is insoluble in cold 
water, and only very slightly soluble in boiling water ; it is sparingly 
soluble in carbon bisulphide and cold alcohol as stated by Herzfeld, 
but dissolves readily in the boiling solvent ; contrary to Herzfeld’ s 
observation, however, wo find that it is extremely soluble in chloro- 
form ; it also dissolves in ether, glacial acetic acid, and benzene. The 
compound is devoid of taste. The analytical values obtained with 
several specimens are as follows. 

0-1031 gave 0*1S53 C0 2 and 0*0537 H 2 0. 0 = 49*01 ; H = 5*78. 

0*1084 „ 0*1942 CO, and 0*0576 H 2 0. C = 48*85 ; H = 5*90. 

0*1047 „ 0*1885 C0 2 and 0*0555 H 3 0. C = 49*09 ; H == 5*86. 

0*5270 gram was heated for 4^ hours in a Lintner’s pressure flask 

with 20 e.c. of normal hydrochloric acid, and, after cooling, exactly 
20 c.c. of normal sodium hydroxide solution was run in, and the 
acetic acid titrated with a standard solution of barium hydroxide 
[1 c.c. = 0*008078 acetic acid], of which it required 46 c.c. This 
corresponds with 71*15 per cent, of acetic acid. 

0*5154, as in the last experiment, required 44*9 c.c. of standard 
barium hydroxide solution ; acetic acid = 70*56 per cent. 

Ci 2 H 14 (0Ac)b0 3 requires C = 49*55 ; H = 5*60 ; acetic acid = 
70*79 per cent. 

A determination of the moleculaxweight by the eryoscopic method 
gave the following result. 

0*5726 gram dissolved in 15*078 grams of benzene gave a de- 
pression of 0*300®. AI.W. = 632*8. C 12 Hi4(0Ac)80 3 requires 
678 per cent. 

Specific Potatory Power. No birotation was observed. 

I. 1*2625 grams dissolved in chloroform, and the solution made up 
with that solvent to 25 c.c. at 15*5°, read 6*3° in a 200mm. tube, 
employing a Laurent polarimeter and sodium light. [a] D = 
+62 37. 

II. 0*9017 gram dissolved in chloroform, and made np to 25 c.c. 
at 15*5, read 2*4° in a 100mm. tube. [a]j> = +62 07. 

A specimen of octacetylmaltose, prepared by Herzfeld’s method, 
was found to be identical iu all respects with the substance just de- 
scribed j it melted at 158 — 159°, and had a specific rotatory power in 
chloroform solution of [a]j> = +62*05. 

Herzfeld (Annctlen, 220, 218) states that the specific rotatory 
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power of octacetylmaltose (0*5 gram dissolved in 25 c.c. of alcohol) is 
[«] D 4* SI *8. It was found impossible to prepare so concentrated an 
alcoholic solution of our compound as the one just quoted. We 
have, however, obtained the following values for the specific rotatory 
power in alcoholic solution. 

0*4269 gram dissolved in 93 per cent, alcohol, and the solution 
made up with the same solvent to 50 c.c. at 15*5°, read 1*01° in a 
200mm. tube, whence [&]d = +59*14. A second determination in 
alcoholic solution gave [a] D = +50*39. 

In order to see whether more than eight acetyl groups can be 
introduced into the maltose molecnle, 0*5 gram of octacetylmaltose 
was mixed with an equal weight of anhydrous sodium acetate, and 
the mixture boiled with 15 c.c. of acetic anhydride for li hours in a 
reflux apparatus. The product, when crystallised from alcohol, 
melted at 157 — 158°, aDd was found to he unaltered in every respect. 

We have made numerous experiments to ascertain if an isomeric 
octacetylmaltose is formed when maltose is boiled with zinc chloride 
and acetic anhydride. The product consists of a small quantity of 
crystalline octacetylmaltose (m. p. 158 — 159°), together with an 
amorphous substance, which has resisted all attempts to obtain it in 
a crystalline condition; it appears to have the composition of an 
octacetylmaltose. 

A description of so well-defined a compound as octacetylmaltose 
cannot, we think, fail to be of interest to chemists. 

Chemical Laboratory 

London Beetroot Sugar Association. 


XXIV . — Action of Heat on Ethylic fi-Amidocrotonate. 

Part LL 

By J. IToKiUN Collce, PhJD., F.R.S.E. 

lx two different papers (Annalen, 1884, 226, 297, and Trans., 1891. 
59, 172), I have drawn attention to the easy manner in which ethylic 
y+amidocrotonate may be made to yield condensation compounds. 
Since then, from time to time, I have returned to work at this sub- 
stance, sometimes to prepare pyridine derivatives which I had need 
of in other researches, sometimes in order to see whether any light 
might be thrown on the constitution of pyridine itself. 

In Part I of this paper, it was shown that during the purification 
of ethylic /J-amidocrotonate by distillation under reduced pressure, a 
crystalline compound of the formula C 10 H I8 M‘O s was always produced 
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in small quantities. This substance I pointed ont was probably 
ethylic lutidonecarboxylate, * and was formed by a reaction pre- 
cisely s imilar to that which gives rise to dehydracetic acid when 
ethylic acetoacetate is distilled. 

I was unfortunately only able to obtain this ethereal salt in small 
quantities as a bye-produGt, and the resnlts which are now bronght 
forward are the ontcome of various attempts to produce this compound 
in larger quantities. The primary object has not been successful, for 
I have been unable to improve on the process ; other compounds, how- 
ever, have been formed by the action of heat on the amidocrotonate, 
which are not without interest, for they show how condensation may 
occur in many ways, and produce substances belonging to widely 
different types. 

The chief product of the destructive distillation of ethylic /3-amido- 
crotonate seems to be ethoxylutidine, 


NH 3 0 

/ ’ 7 

CHs-0 C-OEt 
H-CsH* CU 2 C CH 


c < 

I OH, 

H XH a 


N 

CHs-0 COEt 

H(j 


CH 


+ HH» + H,0 

+ COa + C2H4 


!H 3 


But besides this compound a dimethylpyrrol is also formed appa- 
rently identical with the dimethylpyrrol obtained by the distillation 
of gelatin. 

A third substance also has been isolated, which is doubtless a 
pyridine derivative, but, unfortnnately, it could only be obtained in 
very small quantity, and partly for this reason and partly because it 
seemed to belong to a new class of compounds I have been unable to 
satisfactorily discover its exact constitution. It is formed from 
2 mols. of ethylic ^-amidocrotonate by condensation, 


2C b H u hrO s = CHs-COOEt 4 - EtOH + CeH^O. 


When heated with zinc dust, it gives a-picoline and ammonia ; it is 
a monacid base, and, when treated with phosphorus pentachloride, it 
yields a monochloride. Judging from this behaviour, it is probably 
a hydroxyamidopicoline having one or other of the following 
formulae. 


* I may mention that when a solution of an acid, C^H 8 04 (which was first pre- 
pared by Exist by acting on the diohlonde of dehydracetic acid with sulphuric 
acid), is allowed to evapoiate with strong aqueous ammonia, the aTnmnninm sa j t 0 f 
the lutidonecarboxyhc add is produced. 
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NH 

/\ 

OHs-O CO 
HC CH 

C 


or 


NH 

CH^C-SH, 
HC CH 



It is not diazotised when treated with fuming hydrochloric or 
sulphuric acid, and soditun nitrite, but it may be noted that a- and 
7 -amidopyridine also are extremely difficult to diazotise. It yields a 
curious compound when treated with the oxides of nitrogen prepared 
from nitric acid and arsenious oxide. 


C 6 H 8 lSr 2 0 HoO -4" hi O 2 = CeHiohTaOi. 

The action of heat, therefore, on ethylic /*-amidocrotonate gives 
rise to four different nitrogenous condensation products. 

1. Ethylic lutidonemonocarboxylate, C 10 H 13 NO 3 . 

2. Dimethylpyrrol, C 6 H 9 N. 

3. Ethoxylutidine, C 9 H I 3 NO. 

4. Hydroxyamidopicoline (?), C a H 8 N 2 0. 


Expebimental Past. 

When ethylic ^-amidocrotonate is heated under a pressure of 
90 — 100 mm. it distils between 153 — 155° with very slight decompo- 
sition (Zoc. cit). If, however, it is rapidly heated at ordinary 
atmospheric pressure, a very small portion may be distilled at a 
temperature above 200 °, but the greater portion is decomposed. 

Several trials were made in order to find ont the best method for 
obtaining some cine to the maimer in which the ethylic /J-amido- 
crotonate was decomposed by tbe agency of heat. Bearing in mind 
the fact that dehydracetic acid can be prepared from ethylic aceto- 
acetate when its vapour is passed through a heated tube, the vapour 
of the amidocrotonate was subjected to the same treatment, first at 
the ordinary pressure and then under a pressure of about 100 mm. of 
mercury. This treatment, however, proved to be much too violent, 
for much charring took place in the tube whilst large quantities of 
gas were also evolved. Next a flask, containing 200 grams of the 
amidocrotonate, was connected with a condenser and heated in an oil 
bath, a thermometer being placed in the fused amidocrotonate to 
mark at what temperature the decomposition began. At 160°, distil- 
lation commenced, and ammonium carbamate was formed which 
sublimed in white needle-shaped crystals inside the condenser. The 
temperature was kept below 200 ° for about three hours, during 
which time 100 grams of liquid (A) distilled. The flask was then 
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taken out of tiie oil bath, and its contents rapidly distilled; between 
200" and 360° much gas was evolved (carbon dioxide and ethylene), 
and a further quantity (B) of distillate was collected, weighing 
65 grains, whilst there remained in the flask 35 grams of a black 
charred mass. 

Portion A proved to be almost entirely alcohol, ethylic acetate and 
acetone, for when shaken with excess of water it all dissolved, and 
on saturating with salt most of the ethylic acetate separated. After 
drying and fractionating, the latter boiled at 76 — 78°, possessed the 
characteristic odour, and gave the ordinary reactions for ethylic 
acetate. The residual aqueous solution was then distilled ; the first 
portion of the distillate gave the acetone, which, after purification, 
was recognised by its boiling point and crystalline compound with 
sodium hydrogen sulphite, whilst the second fraction, boiling between 
75° and 80°, proved to be nearly pure alcohol. Methylamine was 
very carefully searched for, but without success, all the nitrogen 
present in portion A being present in the form of ammonium carba- 
mate. 

As no pyridine derivative or other condensation products had 
been found in portion A, the distillate which had come over between 
200° and 360° was next investigated. This fraction, B, was a brown 
and viscous substance interspersed with some crystalline matter. 
It partly dissolved in water, and the solution when warmed with soda 
gave only traces of ammonia, but on testing it for nitrogen that 
element was found to be present in considerable quantity. The 
aqueous solution was treated with caustic soda, warmed, filtered, 
and acidified with sulphuric acid, but no insoluble acid was obtained, 
which would have been the case if any lutidonecarboxylic acid had 
been present. When the resin was allowed to stand in contact 
with air, the brown colour gradually changed to a brilliant grass- 
green. 

Various attempts were made to extract pure substances from this 
somewhat uninviting material, but without much success. When 
subjected to fractional distillation, it began to boil at about 200 u , 
•and between that temperature and 21s0 o a considerable amount 
passed over into the condenser, whilst the portion which distilled 
between 280 — 320° was semi-crystalline, and the residue in the flask 
began to char rapidly. Another experiment was therefore tried to 
see whether better results could be obtained by gradually heating the 
amidocrotonate in an oil bath to ISO 0 , and then examining the residue 
in the flask for condensation products. As in the previous experiment, 
about half the contents of the flask passed over slowly, the distillate 
being alcohol, acetone, and ethylic acetate ; the dark-brown residue 
was viscous, and would not crystallise, neither could any crystalline 
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compound "be obtained from it by treatment with, various solvents. 
When it was warmed with caustic soda solution, some ammonia was 
evolved, together with alcohol. As the latter seemed to point to the 
presence of an ethereal salt, the solution was rendered slightly 
acid with sulphuric acid and the precipitated resin removed by 
treatment with ether. The aqueous solution on being concentrated 
soon deposited a little crystalline matter, which was recrvstallised from 
alcohol and water. The crystals were small and granular, acid to 
litmus, and melted at 254—256° (corr.), with evolution of carbon 
dioxide, showing that the substance was evidently lutidonemono- 
carboxylic acid (Trans., 1891, 59, 176) ; 0*6 gram of the acid, when 
fused, yielded 75 c.c. of carbon dioxide, the theoretical amount for 
the following equation. 

C 6 HN(OH)(CH*) 2 -COOH = C 6 H 2 N(OH) (CH S ) 2 + CO,, 
being a little over 80 c c. The residue of aa'-dimethylpyridone iu 
the flask was then distilled ; it boiled above 300°, and its melting 
point was found to be 231 — 232° (corr.), this proving beyond doubt 
that the resin contained small quantities of lutidonemonocarboxylic 
acid. 

Ultimately, after many trials, it was found that the only way the 
resin could he made to yield any considerable amount of condensa- 
tion products which were pure enough to analyse, was by distil- 
lation. To give one out of the many experiments made, 50 grams 
of the brown resin was distilled as rapidly as possible until only a 
black charred tar remained behind in the flask. During the distilla- 
tion, carbon dioxide and ethylene gases were given off in large 
quantities. The yellow distillate, which became semi-solid, was then 
extracted with cold acetone, as the solvent left most of the crystalline 
matter undissolved; as, however, this crystalline compound was 
formed in small quantity, it was only by collecting the product of 
many experiments that enough was obtained for purification. The 
substance, when pure, melted at 194° (corr.) ; it will be described 
later in the paper. 

The portion soluble in acetone was first investigated. After the 
acetone had been evaporated, an oily residue was left (20 grams) 
which contained basic nitrogen compounds. It was therefore made 
alkaline with strong solution of soda, and steam was blown through 
the liquid so long as anything volatile passed over with it. The 
residue in the flask was then rendered just acid with sulphuric 
acid, and after the black tar which was precipitated bad been 
filtered off tbe aqueous solution was concentrated; it deposited a 
small quantity of lutidonemonocarboxylic acid. The steam distillate 
separated into two layer's, an oil and water; it was shaken with 
ether, and the ethereal solution dried quickly with a little solid soda 
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and distilled. After the ether had distilled, the temperature rose 
rapidly to ISO 0 , and above 230 only a very small quantity remained 
in the flask. As the distillate gave the pjrrol reaction with pme 
wood saturated with hydrochloric acid, it was quickly shaken with 
hydrochloric acid, when a small quantity only of a pyrrol-derivative 
remained undissolved, nearly the whole of the oil combining with 
the acid to form a soluble salt. After several experiments, enough 
of the pyrrol was obtained to distil. It boiled between 170° and 
175°, and oxidised in the air, turning yellow; when warmed with 
ferric chloride, it gave a reddish coloration. 


0-250 gave 0*69G C0 2 and 0 214 H s O. C = 75-9 ; H = 9*5. 
C«H 9 N requires C = 7 5*8 ; H = 9**5 per cent. 


The substance is, therefore, a dimethylpyrrol, and seems to he 
identical with the dimethylpyrrol obtained by Knorr (Annalen 9 1887, 
236, 326) from isonitrosoefchylic /J-amidocrotonate. Knorr’s com- 
pound possesses the following properties: b. p. 171°; with ferric 
chloride, it gives a cbeiTj-red colour ou warming, and it possesses a 
blue fluorescence. I did not notice, however, any fluorescence in the 
pyrrol I had obtained, but perhaps this may be due to the fact that 
the compound never was obtained quite colourless. Probably identical 
with this dimethylpyrrol is the one obtained by Ciamician and 
Wiedel (Per., 1879, 13, 299) from the products of dry distillation of 
gelatin. 


Knorr assigns the formula 


CHa-O-NH-CH 
HO (j-0H s 


to it, and its forma- 


tion from ethylic -amidocrotonate is easy of explanation. 


CH 3 -C— XH H H Cj- C0h : QA *H 
H- OsHrCOo -O H HaX .C-CHs 


01 + 2C0 - + »w + ra, + B,. 

Probably the hydrogen is not evolved as such during the distilla- 
tion of the amidocrotonate, but is oxidised to water or reduces some 
other product of the action. 


quantity (15 grams) of an oil insoluble in water ; when this was frac- 
tionated, about half of it passed over between 215° and 220° (eorr.). 
An analysis of this fraction was therefore made. 

0*309 gave 29 c.c. moist nitrogen at 16° and 777 mm H = 11-1. 
0*216 „ 0*5565 CO a and 0*173 H*0. C = 70*6 ;R = 88. 

From the appearance of the substance, it seemed probable that it 


When the hydrochloric acid solution, from which the dimethylpyrrol 
d been separated, was treated with soda, it yielded a considerable 
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was an ethoxylutidine, but the above results do not quite agree with 
those required by a compound of the formula C 5 NH 2 (OH 3 ) 2 *OEt, 
namely, C = 71*5 ; H = 8*6 ; NT = 9 2. As it yielded a platino- 
chloride which crystallised well, this salt was used to purify it. 
After several recrystallisations, the platinum salt seemed to be pure, 
melting constantly at 226 — 228° (corr.) with much blackening. An 
analysis gave the following numbers. 

0-276 gave 0*075 Pt. Pt = 27*1. 0*248 gave 0*068 Pt. Pt = 27*3. 
0*410 „ 0*458 C0 2 and 0*1555 H 2 0. C = 30*4; H = 4*2. 

0*383 „ 0*1045 Pt and 0*385 AgCl. Pt = 27*2; Cl = 29*8. 
0*3435 „ 11*8 c.c. moist nitrogen at 16° and 757 mm. N = 3*9. 

C. H. N. Cl. Pt. 

Calculated for (C 9 H 13 ]NO) 2 ,H 2 PtCl 6 30*3 3*9 3*9 29*9 27*4 

Pound 30*4 4*2 3*9 29*8 27*2 


Another analysis of the undried salt was made. It was found to 
lose 2*0 per cent, of water of crystallisation when heated at 130°, and 
to contain 26 6 per cent. Pt. If the salt crystallised with 1 mol. of 
water, (C fl Hi 8 N0)2,H 2 PtCl6,H 2 0, it would require Pt = 26 9, H s O = 
2*4. The formula is that of the platinochloiide from ethoxyluti- 
dine, C*NH 2 (CEkyOEt. 

In order to prepare the ethoxylutidine from the impure material, 
the pure platinum salt was first obtained from it, and then decom- 
posed by means of sulphnretted hydrogen. The solution containing 
the hydrochloride of the base was filtered from the sulphide of plati- 
num and evaporated. Caustic soda liberated free ethoxylutidine, 
which was distilled with steam, collected, dried over soda, and found 
to boil between 217° and 218° (corr.). A combustion was made. 

0*2745 gave 0*719 CO a and 0*221 H 2 0. C = 71*4. H = 8*6. 

C6NH 2 (CH 3 )/OEt requires C = 71*5 ; H = 8*6 per cent. 

It only remained, therefore, to determine which ethoxylutidine it 
was. As it was produced from ethylic yS-amidocrotonate, there are 
only two alternatives. It must he either 



n. 

N 

/\ 

CHs-C C*CHs 

H '6 6h ’ 

\// 

O 

OEt 


and had been produced according to the equation 2C 5 HnN0 2 

OsHijNO + Ojat-OH + NH a + CO* 
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That it has the formula I is proved by the following facts. When 
heated with hydriodic acid in a sealed tube at 140°, the ethyl group 
is replaced by hydrogen, and Hantzsch’s pseudolutidostyril (Ber., 17 , 
2904), together with ethylic iodide, is obtained. The pseudolutido- 
st\ril was converted into the platinum salt, which was dried and 
analysed. 

0 2545 gave 0 0745 Pt. Pt == 29*6. 

(C 7 HgNO) 2 , H 3 PtC3 b requires Pt = 29*6 per cent. 

Also some pure pseudolutidostyril, prepared by another method 
(Zfe,., 1S87, 20, 447), was treated with phosphorus pentachloride in 
order to prepare the corresponding chlorolutidine. This chlorolutidine 
gave with sodium ethylate a substance identical with the etlioxy- 
lutidine obtained by the action ot heat on ethylic /3-amidocrotonate. 

The only product, therefore, remaining to be investigated was the 
compound melting at 194°, which separated in crystals from the dis- 
tillate of the amidocrotonate. It is not formed in nearly such large 
quantities as the ethoxylutidine, and it was only after several distil- 
lations that enough was obtained for investigation. It was purified 
by dissolving it in hot alcohol and precipitating with acetone ; it then 
formed white crystals melting at 194 — 195° (corr.). When carefully 
heated, it can he partially sublimed. 


03310 gave 0*701 CO a and 0*1930 H 3 0. 0 = 57*8 ; H = 6*4. 
0*4175 0*895 „ 0*2615 „ C = 58*4; H = 6*9. 


0-3U50 

„ 58 c.c. moist nitrogen at 15° and 752 

mm. 

IT = 22 * 1 . 

0-1275 

„ 23-5 „ 


at 14° and 765 

» 

IT = 21 -b. 

0*1500 

.. 30 


at 19° and 761 

H 

BT = 22-9. 


Calculated for 
C fi H a NO. 


Pound. 




I. 

u. hi. 

17. 

vt 

c ... 

58-1 

57-8 

58-4 — 

— 

— 

H... 

6-4 

6*4 

6-9 — 

— 

— 

... 

22-6 

— 

22-1 

21*8 

22*9 


The platinum salt crystallised in short, thick needles. 

0*2460 lost at 130° 0*0120 H a O. H,0 = 4*8. 

1-6990 „ „ 0*0875 „ H 2 0 = 51. 

0*2460 gave 0*0695 Pt. Pfc = 28*3. 

0-2885 „ 0-0805 „ Pt = 27*9. 

lequires Pt — 27*9 5 25^0 ^ 5*1 per cent. 

An analysis of the dry salt was also made; it contained 29*7 per 
cent. Pt. Theory requires 29*5. 

The hydrochloride was next prepared. Excess of hydrochloric 
acid was added to the substance, and the solution evaporated 
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to dryness over a water hath ; tlie mass of small needle-shaped 
crystals which remained had no melting point, hut sublimed when 
heated, leaving no residue. 

0*22 took 18*8 c.c. !N/10 AgNO* solution. Cl = 22-2 
C fi H 8 X s O,HCl requires Cl = 22*1 per cent. 


When the hydrochloride is heated with a little zinc dusfc, a very 
pungent smell is produced, resembling that of mice or acetamide 
mixed with pyridine. The original substance (m. p. 194°) does not 
yield a trace of ammonia even when boiled with the strongest solu- 
tion of soda, hut when fused with solid soda, ammonia is produced. 
When warmed with a little sodium, the substance is only partially 
attacked, some of it subliming on to the upper part of the tube ; a 
strong smell of pyridine is at the same time produced, mixed, how- 
ever, with the same mouse-like smell which was noticed when the 
hydrochloride was heated with zinc dust. 

From the above properties the substance is probably a pyridine 
derivative, and as it contains two atoms of nitrogen it may be a 
liydroxyamidopyridine. There are two reactions which might yield 
such a compound, firstly, 


NHH OEt 

0H,-(f CO 

HO CH 

<?<NH a 
jCOjBt GHg 


H 

H 

/\ 

CH/C CO 
HO CH 


C 

hh 2 


+ CHj'COOEt, 


and, secondly, possibly water formed by the decomposition acts on 
the amidocrotonate, splitting it up into ethylic acetate and acetamide. 


CHj’CNH* 

O 


CH-COOEt_ ,, w 

Hj - CHjC< 0 


+ CBVCOOEt. 


The acetamide as the moment of its formation reacts with the amido- 
crotonate. 


« 



H 

2T 

/\ 

CH--C O-NHa C a H s OH. 
HO OH + HjO 
\/ 


The latter alternative seems the more probable. In either case, the 
result is a hydroxyamidopieoline, and also, in both formulas, if the 
EH* group were replaced by OH the dihydroxypicoline would be 
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obtained, 'which substance I have already prepared from the lactone 
of triaeetic acid and ammonia (Trans., 1892, 61, 721). Unfortunately 
I have not been able to effect this change, as the hydroxyamidopicolino 
seems to be a very stable substance. At present very little is known 
about the amido-denvatives of pyridine. Marckwald (Ber., 1894, 27 , 
1817) has prepared the a- and 7-compounds of pyndine ; he finds 
that they do not diazotise in aqueous solutions. They have an alkaline 
reaction. He has also made 7-amidolutidine. The only way in 
which he has been able to displace the HH a group by OH, is by dis- 
solving: the substance in strong sulphuric acid or fuming hydrochloric 
acid, and adding concentrated sodium nitrite solution drop by drop. 
Tin and hydrochloric acid do not affect them. The only other reference 
to amidopyridines is by H. Heyer (Kais. Acad . d. Wissenscliaft in 
Wieriy Bd. 103, Abth. II b., Harz, 1894) ; he applies the Hofmann 
reaction to the amide of picolinic acid, and from it obtains amido- 
pyridine. I have made many attempts to diazotise the substance 
(m. p. 194°) ; the first was with oxides of nitrogen prepared by the 
action of nitric acid on ar&enious acid. The compound was dissolved 
in water, and excess of oxides of nitrogen added ; the solution, after 
evaporation, left a well-crystallised substance, which did not resemble 
either the original compound or dihydroxypicoline. It dissolves 
easily in water, has a strongly acid reaction, and melts at 173° (corr.) 
with evolution of carbon dioxide and nitric oxide. 

0 288 took 15*8 c.c. N'10 soda solution. M.W. = 182 of the 
substance is monobasic. 

0*2625 gram lowered the melting point of 24*62 grams acetic acid 
0 22°. Prom which the molecular weight is 189. 

0*186 gave 0*2595 C0 3 and 0*895 HaO. C = 38*1 ; H = 5*3. 

0*205 „ 40*G c.c. moist nitrogen at 17° and 744 mm. N = 22*5. 

C 6 H 10 H 3 O 4 requires 0 = 38*3 ; H = 5*3 ; K = 22*3 per cent. 

Possibly, therefore, this substance has been formed by the joint 
action of nitrogen peroxide and water. 

C*H 8 X 2 0 + TS T O a -f H a O = CeHxoNA- 

By reduction with tin and hydrochloric acid, a considerable quantity 
of ammonia was formed, for after freeing the solution from tin by 
sulphuretted hydrogen, evaporating nearly to dryness, and making 
alkaline with soda, ammonia was at once observed. After the 
ammonia had been removed, the residue was made acid again with 
hydrochloric acid, and platinum chloride added ; the resulting plaiino- 
chloride, after purification, was found to contain 5*2 per cent. H a O 
and 27*7 per cent. Pt, and was, in fact, the platinochloride of the 
original compound (m. p. 194°). This nitro-compound does not 
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contain free nitric acid, and is not formed when nitric acid is added 
to the original substance (m. p. 194°). 

Further attempts to diazotise the original compound by dissolving 
it in fuming hydrochloric acid or sulphuric acid and adding a strong 
solution of sodium nitrite were either without effect, or the compound 
was completely destroyed. The original compound is not changed 
when heated in a sealed tube with fuming hydrochloric acid. The 
compound was next treated with phosphorus pentaehloride ; 1 gram 
was dissolved in a few drops of phosphorus oxychloride, 1 gram of 
phosphorus pentaehloride added, and the whole heated for a short 
time on a water bath. By this means a residue was left which, when 
treated with sodium carbonate and distilled, gave a distillate possess- 
ing a most powerful smell resembling mice and acetamide. As the 
aqueous distillate contained no insoluble oil, it was shaken up with 
ether, and the ethereal solution, after drying, yielded a few drops of 
a liquid boiling between 175° and 178° (corr.); this liquid fumed with 
hydrochloric acid, and gave a hydrochloride very soluble in water. 
The aqueous solution only gave a crystalline platinochloride when 
very concentrated. After recrystallisation the salt was analysed. 
It was first dried at 110°, when it lost 4*9 per cent. H 2 0 ; two mole- 
cules of water of crystallisation require H 2 0 = 4*9. The dried salt 
gave the following results. 

0-173 gave 0-0485 Pt. Pt = 28-0. 

0*232 „ 0-170 CO* and 0*042 H*0. C = 19*9 ; H = 2*0. 

(C 6 H 7 N‘ 2 Cl) 2 ,H 2 PtCl 6 requires C = 20*8 ; H = 2*1 ; Pt = 28'1, 

As a last experiment, the action of zinc dust at a red heat was 
tried. Two grams was mixed with 10 grams of zinc dust ; this mixture 
was placed at the back of a tube containing a column of zinc dust, 
and the whole heated to redness whilst a current of hydrogen was 
passed slowly through the tube ; in this way a pyridine base was 
obtained mixed with ammonia. The ammonia was removed from the 
distillate by boiling it with nitrohydrochloric acid, and the free base 
was afterwards liberated with soda and distilled. It was soluble in 
cold water and possessed the characteristic odour of picoline. Its 
platinochloride melted at 210 — 212°, and on analysis gave 32-1 per 
cent. Pt; the melting point of a- picoline platinochloride is given 
by Ladenburg as 178°, but I have shown elsewhere (Trans., 1892, 
61, 727) that this is too low, the true melting point being probably 
221 — 222°. As I had no more of the substance I was forced to con- 
clude my experiments with it. 

The compound melting at 194° is not produced when acetamide and 
i thylic amidocrotonate are heated together, neither could I obtain it 
by heating dihydroxypicoline with the strongest ammonia solution. 
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Whether it is an amidohy dro x yp i coline or not, I am unable to say 
at present, bnt from the above-mentioned properties it seems very 
probable that such is the case. 

r uivet'sinj C* lb gt , 

JL tltlwl • 


XXY. — Th< j Acid Sulphate of Hydroxylmaine . 

By Em\ vnr» Diyuis, M.D.. F.R.S., Imperial University, Japan. 

It is somewhat remarkable that although several hydrochlorides of 
hydroxylamine have been described by Los sen, the acid sulphate 
seems never to have been prepared. 

It is well known that if more sulphuric acid is present in an 
aqueous solution of hydroxylamine than is sufficient to form tho 
normal salt, the addition of alcohol will cause this, and not the acid 
salt to crystallise out, just as when added to acid ammonium sulphate 
it precipitates the normal sulphate. Unless alcohol is added, a very 
acid solution of hydroxylamine sulphate often refuses to deposit any- 
thing ; by attention, however, to a few details it can be made to yield 
crystals of the acid sulphate. 

Solid hydroxylamine hydrochloride is treated with, as near as may 
be, the quantity of sulphuric acid calculated to form the acid salt, 
('XH 3 0)H 2 S04 ; the mixing is effected in a dish sufficiently large to 
avoid loss by frothing, and the mixture is heated for some hours on 
the water hath until all hydrochloric acid has been expelled. The 
resulting clear solution becomes viscid when cold, and refuses to yield 
the normal sulphate, and when a particle of this salt is drop! on to 
its surface in is slowly dissolved. If, however, it is left to stand 
uncovered in a dry, cold atmosphere,* and the vessel occasionally 
moved about, crystallisation suddenly sets in, and the solution 
becomes traversed by long prisms which almost fill it. Left in a 
desiccator for a coaple of days more, it becomes a translucent cake of 
damp crystals. The crystals are very deliquescent, and, after crush- 
ing and pressure between porous tiles, yield results on analysis which 
prove them to be the acid sulphate of hydroxylamine. 

The analysis of the salt was effected by titrating it with sodium 
hydroxide, using methyl-orange as indicator, since the normal 

# Such as that of many winter days in Tokyo, Japan, when calcium chloride in 
an open vessel hardly deliquesces in a week, and caustic pota&h can be weighed in 
aja uncovered scale-pan. In England, the atmosphere will he too damp, and a 
desiccated atmosphere will he necessary. 
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sulphate is neutral to it. Tlie sulphuric acid was weighed as barium 
sulphate. 



Calculated. 

Pound. 

Hydroxylamine . . . 

. . . 25*19 

24-02 

Sulphuric acid. . . . 

. . . 74-81 

72 68 


100-00 

96-70 


XXVI . — Mercury and Bismuth Hyperphosphites. 

By Seihachi Hada, Graduate of the Imperial University, 
Tokyo, Japan. 

It is probable that Rose’s well-known observation in 1827 that 
mercuric chloride is reduced by a solution of hypophosphorous acid, 
first to mercurous chloride and then to metallic mercury, is the cause 
of no attempts having been made to prepare a mercury hypophos- 
phite, as there seemed to be but little chance of success. At the sugges- 
tion of Dr. Divers, to whom I am much indebted for advice, I have 
tried the effect of using the nitrates of mercury, and in the course of 
my experiments have obtained the salt which is described below. 

VlUt 

Mercurous Nitrate Hypophosphite. 

This double salt is the only mercury-derivative of hypophosphorous 
acid I have been able to prepare ; it is precipitated on adding a solu- 
tion of potassium or barium hypophosphite to a solution of mer- 
curic or mercurous nitrate, but the mercury solution must not be too 
dilute, and as free from acid as possible ; care must also be taken to 
avoid using excess of the hypophosphite. The compound is not 
obtained when the mercury nitrate solution is added to* the hypophos- 
phite, or if too much of the latter is added to the mercury nitrate, as 
in either case the double salt is at once decomposed. 

Since the formation of the salt from mercuric nitrate necessarily 
involves the oxidation and waste of much of the hypophosphite, and 
also yields a mother liquor which acts strongly on the precipitate, 
mercurous nitrate should be used ; moreover potassium bypophospbite 
is preferable to the barium salt, as with the latter the precipitate is 
liable to contain barium, apparently as nitrate. 

The solution of mercurous nitrate, free from nitrous acid, is best 
prepared by dissolving mercuric oxide to saturation in nitric acid, 
and then shaking the solution violently with metallic mercury for a 
few minutes ; in this way, The mercuric salt is quickly and completely 
changed to mercurous salt. 

VOL. IiXVlI. R 
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As the white precipitate obtained on adding potassium hypophos- 
phite to an excess of mercurous nitrate is slowly decomposed when 
left in contact with the mother liquor, it must be quickly collected 
and drained on a tile, without previous washing. The mercurous 
nitrate hy popltnsphit e thus obtained is unstable when moist, although 
when dry it decomposes but slowly, becoming grey in the course of' 
time. It is a white, micaceous powder, slightly soluble in water, by 
which it is soon decomposed with separation of mercury. Its com- 
position is expressed by the formula HgH 2 P0 2 ,HgN’0 3 ,H 2 0 ; it loses 
its water of crystallisation in a vacuum desiccator, but undergoes 
scarcely any decomposition, even when kept for some time. When 
heated, it turns grey above 90°, and explodes a little above 100°, 
yielding mercury and nitrous vapours ; it also explodes if touched 
with a hot wire. 

With hydrochloric acid, it first gives mercurous chloride and then 
metallic mercnry, whilst hot, strong, nitric acid dissolves it com- 
pletely with escape of nitrous fumes. Sodium chloride converts it 
into mercurons chloride and sodium hypophosphite, which only very 
slowly react, yielding metallic mercury. Potassium hydroxide 
blackens it probably from formation of mercurous oxide. 

The mercury and phosphorus in the salt were determined by dis- 
solving it in nitric acid, evaporating to dryness, dissolving in hydro- 
chloric acid, and precipitating the mercury by hydrogen sulphide, and 
the phosphoric acid by magnesia mixture. The mercuric sulphide was 
freed from any sulphur precipitated along with it, and dried at 
105 — 110°. The nitric acid was estimated by treating the salt with 
strong sulphuric acid in Lunge’s nitrometer. Loss of weight 
in the desiccator served for the water determination. The analytical 
results which follow refer to three separate preparations of the salt. 

Found. 

Calculated. I. II. III. 


Mercury 73*39 73*35 73*01 73*04 

Nitrogen 2*59 2*78 2*76 2*82 

Phosphorus 5*68 5*56 5*25 5*50 

Water 3*30 3*01 2*45 — 


This salt is of interest as a double salt of univalent or qaasi-uni va- 
lent mercury, since it points to the mercurous salts being salts of the 
radicle (Hg 2 ) M rather than of Hg\ 

A salt has been described by H. Bose {Ann. Phys. Ghem ., 1837,40, 
75) as produced by the actiou between mercuric nitrate and phos- 
phine, and to which he assigned the formula 

P s Hg/',3[Hg"(h T 0,) s Hg"0]. 
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This explosive substance* would seem to be related to the salt 1 
have described, for it is not remote in composition from 

3Hg'N0 3 ,Hg'H 2 P0 2 , 

and is more probably a mercurous than a mercuric salt. 

Bismuth Hypophosphite. 

This salt has not hitherto been described. It may be prepared by 
mixing a solution of bismuth nitrate, free from any unnecessary ex- 
cess of nitric acid, with barium or potassium hypophosphite, avoiding 
excess of bismuth nitrate, as the salt is soluble in it. The bismuth 
hypophosphite, which is precipitated as a white crystalline powder, 
slowly decomposes in contact with the mother liquor, but, if collected 
at once and dried on a porous tile, it can be preserved for days un- 
changed. 

The analysis of this salt was carried out much in the same way as 
that of the mercury salt, except that the bismuth sulphide was dis- 
solved in nitric acid and the solution precipitated by ammonium car- 
bonate as usual. Water was determined as loss in the vacuum 
desiccator. In the following table the calculation is for 

Bi (H 3 P 0 s ) 3 ,H 2 0 5 

which therefore expresses the composition of the salt. 

Found. 

t * \ 

Calculated. I- II. IIL 


Bismuth 49-41 49*49 49*49 48*77 

Phosphorus 22*09 21*67 21*34 21T9 

Water 4*29 3*11 3*26 3*39 


Bismuth hypophosphite decomposes very readily when heated, be- 
coming black and giving off phosphine at temperatures only a little 
above 100°. At a stronger heat, metallic globules and bismuth phos- 
phate are obtained. The globules consist of metallic bismuth free 
from phosphorus. As about two-thirds of the bismuth is obtained as 
metal, the decomposition of the bismuth hypophosphite by heat may 
be expressed by the equation — 

3Bi(H 2 PO*) 3 = 2Bi + Bi(P0 3 ) 3 + 6P + 90H 2 . 

This hypophosphite is noticeable for yielding metal instead of phos- 
phide, but this fact is in accordance with the observation of Berzelius, 
that bismuth phosphide completely decomposes when heated. 

* It was again examined by -lschan in 1885 (Chem. Zeit), but not quantita- 
tively. 
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XKVIL—Kanialo. Part II. 

By A. G. Plrkix, F.R.S.E. 

I\ a previous communication on this subject (Trans., 1893, 63 r 
975), the various constituents of this drug were described, an account 
being at the same time given o± a preliminary investigation of the 
action of various agents on them. The continuation of this work 
has consisted chiefly in the study of rottlerin, the principal crystal- 
line constituent of kamala, but progress has been exceedingly slow* 
as the products formed from it are difficult to obtain in a crystalline 
condition. Owing to the appearance of a paper on Kamala, by 
P. Bartolotti ( Gazzetta , 1894, 24, i, 1), it was thought advisable to 
lay before the Society the results which have so far been obtained, 
especially as it is probable that the detailed investigation will occupy 
a considerable period of time. 

Action of Xitttc acid on Bottle An. 

As was mentioned in the previous paper, rottlerin, when treated 
with nitric acid (sp. gr. 1*5), yields small quantities of three colour- 
less acids, which melt respectively at 282°, 226°, and 232°. Although 
these acids were specially tested for nitrogen with a negative 
result, this is now found to he incorrect ; the error has probably 
arisen partly from the very minute quantities that could he spared 
for this purpose, and from the ease with which they sublime. Experi- 
ments performed with much larger quantities have since shown that 
all these acids contain nitrogen. Fortunately this does not interfere 
with the value of the analytical results previously obtained, which 
have been confirmed, and several of which are here again utilised. 

Since the previous communication, a fourth substance has been 
obtained from the mixture from which these acids are isolated, and 
some slight alteration has been made in the method of working, so 
that the process is again briefly described here. Finely-powdered 
rottlerin is added to well-cooled nitric acid (sp. gr. 1*5), in which it 
dissolves, until some quantity of a colourless crystalline product 
has separated from the solution. It is then mixed with its own 
volume of glacial acetic acid, the crystals rapidly collected on glass 
wool with the aid of the pump, the residue washed with glacial 
acetic acid, and purified by two or three crystallisations from alcohol. 

0*1090 gave 7 c.c. moist nitrogen at 19° and 752 mm, N = 7*30. 
0-1176 0-2425 GO* and 0 0410 H,0. 0 = 56*23. H = 3*87. 

CJEttfO* requires C — 55*96 ; H = 3*59 ; N = 7*25 per cent. 
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An analysis of the silver salt gave 

*0 = 35*69 ; H = 2*11 ; Ag = 36*51 per cent. 

CoHfiXO^Ag requires C = 36 ; H = 2 ; Ag = 36 per cent. 

To farther corroborate this result, a portion of the acid was con- 
verted into its methylic salt by saturating a mixture of the acid and 
methylic alcohol with hydrogen chloride; the clear solution thus 
formed, after a time, deposited slender, colourless, fine needles; 
these were collected, washed, recrystallised from alcohol, and analysed, 
with the following result. 

0*1095 gave 0*2341 C0 2 and 0*0447 H 2 0. C = 58*30; H = 4*53. 

0*11S5 „ 7*1 c.c. moist nitrogen at 18° and 7G6 mm. If = 7*01. 

C 9 H 6 NO*-CH 3 requires C = 57*97 ; H = 4*34 ; X = 6*76 per cent. 

It melted at 158*5°. 

The ethyl salt , prepared in a similar way, formed colourless needles 
melting at 13S°, and readily soluble in alcohol. 

The acid melting at 282° is, therefore, identical with paranitrocin- 
navnic acid , the melting point of which is given as 286°. Further 
proof of their identity was also afforded by a comparison of the acid 
from rottlerin with that prepared from cinnamic acid, and of their 
methylic and ethylic salts. 

As previously found, the alcoholic mother liquors obtained during 
the purification of the preceding acid contained the more soluble 
acid melting at 226°. On analysis, it gave the following numbers. 

0*0897 gave 5*4 c.c. moist nitrogen at 19° and 766 mm. If = 6*97 ; 

*0 = 56*02 ; H = 4*09 per cent. 

CgByfO* requires C = 55*96 ; H = 3*62; N = 7*25 per cent. 

As was to be expected, this acid is evidently oiihonitrocinnamic 
acid , a fact further borne out by its comparison with the acid 
prepared from cinnamic acid. That it could not be considered 
quite free from the para-acid is shown by its melting point 226° 
(orthonitrocinnamic acid melts at 237°; Tiemann and Oppermann, 
ifer., 1880, 13, 2060), and this is readily accounted for by the well- 
known difficulty of separating these acids by crystallisation. As the 
total quantity of the ortho-acid yet obtained has not been quite 0*3 
gram, its further purification by transformation into its methylic ether 
was not practicable. 

The nitric acid filtrate obtained during the preparation of the 
two acids just described was poured into water, and the resulting 
viscous precipitate collected aud extracted with ether. The ethereal 
solution, after agitation with dilute ammonia, was evaporated to 

* The analyses marked with an asterisk in this paper hare been given in Part 1 

(loc, cit). 
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dryness, and the oily residue, which had a strong odour of benz- 
aldehyde, was distilled with steam, when a considerable portion 
passed over as a colourless oil. The distillate was sLaken with 
ether, and the ethereal solution evaporated; the oily residue, on 
being allowed to stand for some hours, deposited crystals, which 
were collected and placed upon a porous plate. They melted at 105°, 
and, when heated, emitted a strong odour of benzaidehyde ; obviously 
they consisted of jpamnitrobenzaldehyde. 

The third acid, melting at 232°, was obtained by the action of 
boiling nitric acid (sp. gr. 1 * 5 ) on rottlerin, on the resins of high and 
low melting point, and on isorottlerin, as described in the previous 
paper. On analysis, the following numbers were obtained. 

0*0781 gave 5*8 c.c. moist nitrogen at 18° and 752 mm. N = 8*48. 
*0*1003 „ 0*1845 CO, and 0 0318 H s O. C = 50*16 ; H = 3*52. 
*0*1083 „ 0*1992 C0 3 „ 0*0345 H s O. C = 50-16 ; H = 3*53. 
C 7 H 5 I 5 O 4 requires C = 50*29 ; H = 3 ; 1ST = 8*38 per cent. 

An analysis of its silver salt gave the following numbers. 

*0-1869 gave 0-2066 C0 3 and 0*0294 H 3 0. C = 30*14; H = 1*74. 
CrH^O^Ag requires C = 30-65 ; H = 1*46 per cent. 

To further corroborate this result, a portion of the acid was con- 
verted into its methylic salt by treating its solution in methylic 
alcohol with hydrogen chloride ; after a lapse of 24 hours, hot water* 
was added to the solution, and the crystalline mass which sepaiated 
on standing was collected, washed, and recrystallised from dilute- 
alcohol. 

0-1665 gave 11*5 c.c. moist nitrogen at 20° and 761 mm, hT = 7*91. 
C 7 H 4 N0 4 *CH 3 requires N = 7*73 per cent. 

It formed a glistening mass of colourless needles melting at 96°. 
These results show that this acid is paranitrobenzoic arid, and this 
was corroborated by comparison with the acid prepared in the usual 
manne r. The formation of this acid from rottlerin by the action of 
boiling nitric acid is evidently due to the oxidation of the paranitro- 
cinnamic acid first formed, and the same is probably true of its 
formation from the other constituents of kamala. It has been 
already pointed out (loc. cit) that when the acid melting at 282° 
(now shown to be paranitrocinnamic acid) was treated with boiling 
nitric acid (sp. gr. T5) it yielded the acid melting at 232° (para- 
nitrobenzoic acid) ; as no metanitrobenzoic acid has been detected 
among the products of the action of nitric acid on rottlerin, it is 
evident that the paranitrobenzoic acid has not been formed by the 

* The analyses marled with an asterisk in this paper Inn e been given in Part I 
(foe. eih). 
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nitration of "benzoic acid. Besides oxalic acid previously found, 
small quantities of other products are present, which, as yet, have 
resisted all attempts at purification, and among which orthonitro- 
benzoic acid should he found. 

The formation of benzoic and acetic acids when rottlerin is fused 
with caustic potash, and the production of the same substances from 
rottlerin and the resin of low melting point by oxidation with hydro- 
gen peroxide in alkaline solution are thus explained, being due to the 
splitting-up of the cinnamic acid group or groups present in these 
substances. 


The Yellow , Ci ystalline Colouring Matter. 

The properties of this substance have already been described (loc. 
cit. ), but at that time enongh could not be obtained to make an 
analysis. However, during the preparation of the rottlerin necessary 
for carrying out the experiments described in this paper, 0*15 gram 
was obtained, and, after being purified by recrystallisation from 
carbon bisulphide, was analysed. 

0-0865 gave 0*2165 C0 3 and 0*0478 H a O. C = 68*26; H = 6*14. 

CssH^Os requires 0 = 68*75 ; H = 6*25 per cent. 

It appears, therefore, to contain 6H more than rottlerin, and is pos- 
sibly a reduction product of this substance. It is extremely doubtful 
if sufficient can be obtained from kamala for a determination of its 
nature, though it may possibly be obtained from rottlerin during the 
study of this substance. It is at present proposed to name it homo- 
rottlerin. 


Molecular Weight of Rottlerin. 

It was previously shown that, though analyses of rottlerin agreed 
with the formula CuH 10 O 3 , a molecular weight determination gave 
results considerably higher than those required by this formula. It 
was, however, difficult to obtain a trustworthy result, owing partly to 
the very slight solubility of rottlerin in suitable solvents and to the 
fact that its solutions appear to gradually decompose on long boiling. 
Attention was therefore directed to the formation of some mono-sub- 
stitution derivative, the analysis of which would indicate the mole- 
cular weight, and this was ultimately effected by the preparation 
of several metallic derivatives of rottlerin. 

Sodium Rottlerin, CssH&OgNa. — If finely-powdered rottlerin is 
shaken with a cold, aqueous solution containing twice its 
weight of sodium carbonate (in which it is insoluble), and 
the mixture cautiously heated on the sand bath to a temperature 
of about 60°, the suspended rottlerin, without apparently 



234 


PERKIN: KAMALA. 


going into solution, gradually assumes a difterent crystalline 
appearance, and that some change has taken place is evident 
from the fact that the product readily dissolves in cold alcohol, 
whereas rottlerin is insoluble. The crystals were collected, washed 
with water, allowed to dry at the ordinary temperature, and ex- 
amined, when they were found to contain sodium, and on treatment 
with an acid they yielded rottlerin ; evidently, therefore, this substance 
is a sodium derivative. As the preparation of sodium rottlerin in a 
pure condition by this method is exceedingly difficult and uncertain, 
other methods were tried. The best is as follows: — 5 grams of 
finely-powdered rottlerin are shaken up with a solution of 10 grams 
of sodium carbonate in 100 c.c. of water, and 75 c.c. of pure methylie 
alcohol is added; a clear, orange-brown solution is at once ob- 
tained, which, if necessary, ie> rapidly filtered through calico, and 
then treated with 100 c.c. of water. If crystallisation does not 
rapidly ensue, a crystal of sodium rottlerin previously obtained is 
added, or crystals obtained by further diluting a small portion of the 
alcoholic solution. Small, glistening leaflets then quickly separate, 
causing the mixture to have a golden appearance. The product is 
collected, washed with water, well drained, and dried over sulphuric 
acid. In the preparation of this and the potassium salt, the opera- 
tions were carried out rapidly, as prolonged contact with the alkali 
carbonate causes decomposition. The sodium salt (dried over sul- 
phuric acid) does not lose weight when heated at 110°. The sodium 
in the salt dried at 110° was determined by incinerating it and 
treating the residue with sulphuric acid. 

04400 gave 0*051 Ka 3 S04. Na = 3*82. 

0*3333 „ 0 0388 „ Na = 3*77. 

O33II29O g]N a, H 2O requires Na = 3*77 per cent. 

When dried at 150°, the salt loses a molecule of water of crystal- 
lisation, as the following determination shows. 

0*6730 gram dried at 150° lost 0*0220 gram, or 3*27 per cent. H*0. 

C33H39O9X a.H 3 0 requires 2*95 per cent. H 2 0. 

0*6510 gram, when incinerated with sulphuric acid, yielded 0*08 
ISnaSO*. Xa = 3*97. 

C^HjgOgXa requires Xa = 3*88 per cent. 

Sodium rottlerin forms an orange-brown mass of glistening leaflets, 
much surpassing in beauty rottlerin itself. It is insoluble in cold 
water, but when the mixture is heated, it gradually dissolves, and, on 
continued boiling, is decomposed, with formation of a dirty yellow 
precipitate. It is readily soluble in ether and in alcohol. Heated at 
170 — 180% it slowly decomposes, and, when destructively distilled, it 
behaves similarly to rottlerin. 
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Potassium rattle. in. C^HogOgK, was prepared by the action of potas- 
sium carbonate on rottlerin, the method employed being similar to 
that used in the case of the sodium salt. It does not lose weight 
when dried at 110°. 

When heated at 170°, it loses 1 mol. of water of crystallisation. 
0*686 heated at 170° lost 0*0205. H a O = 2*98. 

0-3575 heated at 170° lost 0-0160. H a O = 2*87. 

C*E 29 0 9 K,H 2 0 requires H 2 0 = 2*87 per cent. 

0-5415 dried at 170° yielded 0 0780 K 2 S 04 . K = 6 45. 

CtfHogC^K requires K = 6*41 per cent. 

In appearance and general properties it closely resembles the 
sodium salt, with the exception that it is more stable, and is not so 
rapidly decomposed when boiled with water. 

The ammonium salt of rottlerin could not be prepared by means of 
dilute alcohol and ammonium carbonate, but, on adding ammonium 
chloride solution to the potassium or sodium salts of rottlerin 
dissolved in dilute alcohol, a small quantity of a crystalline powder 
was obtained wbicb appears to consist of this salt. 

Barium Bottlerin, , (CasHogO^Ba. — This was prepared by adding 
a barium chloride solution drop by drop to a solution of the sodinm salt 
in dilute methylic alcohol, (21EeOH : 1H 2 0), until slightly turbid. On 
standing, the compound gradually separated as a crystalline precipi- 
tate, which was collected, washed with water, and dried over sulphuric 
add. It does not lose weight when heated at 110°, but at 150° it 
apparently gives off 2 mols. of water ; the quantity available, however, 
was too small for an accurate determination. 

0-2820 dried at 150° yielded 0*0505 BaSO*. Ba = 10-53. 

(CasH^OsJsBa requires Ba = 10*74 per cent. 

This barium salt is a reddish-brown, glistening powder consisting 
of small prisms ; it is insoluble in water, readily soluble in alcohol, 
moderately so in ether. When boiled with water, it does not appear to 
decompose. The preparation of this salt in quantity in a crystalline 
condition is a matter of some difficulty, and requires some practice, 
as it more readily separates in a resinous condition. 

This is even more apparent in the case of strontium rottlerin , 
(QwHsoOs^Sr, and calcium rottlerin , (C^H^Og^Ca, both of which, like 
the barium salt, can be obtained by double decomposition from 
sodinm rottlerin. In appearance they closely resemble the barium 
compound. 

Lead rottlerin , (CaaHoyO^iPb, is readily obtained by the addition of 
an aqueous solution of lead acetate to sodium rottlerin in alcohol. 
An orange-yellow precipitate is thus formed, which is washed with 
water and dried. 
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0*8045 dried at 110° gave 0*1790 PbS0 4 . Pb = 15*19 
(CsJBEaqOjJoPb requires Pb = 15*39 per cent. 

If an alcoholic solution of lead acetate is added to an alcoholic 
solution of sodium rottlerin, the lead salt is deposited in groups ot 
fine needles. It is insoluble in water, moderately soluble in alcohol. 

Silver Bottleriti , C 3 H a9 0 9 Ag. — If a solution of the sodium salt in 
methylic alcohol is mired w ith a solution of silver nitrate in 50 per 
cent, methylic alcohol, a crystalline precipitate quickly separates*, 
which, when examined under the microscope, is seen to consist of 
fine, hair-like needles; but, as the compound formed in this way 
always contains reduced silver, it is better to prepare it by adding 
aqueous silver nitrate solution to an alcoholic solution of the sodium 
salt; the finely-divided canary-yellow piecipitate which separates,, 
when examined under the micioscope, will be seen to consist of warty 
nodules ; it is collected, washed with water, and diied. It does not 
lose weight when heated at 150°. 

0*3132 dried at 110° on ignition yielded 0*0807 Ag. Ag = 15*72. 
0*3735 „ 150° „ „ 0*0000 Ag. Ag= 16*07. 

QtfHggOsAg requires Ag = 15*95 per cent. 

Silver rottlerin is moderately soluble in cold alcohol, insoluble in 
cold water, but is decomposed when boiled with it, with deposition of 
metallic silver. "With hydrochloric acid, it yielded rottlerin andsdver 
chloride. 

An aluminium, compound of rottlerin is readily obtained as an 
ochre-coloured, amorphous mass on adding alum solution to an alco- 
holic solution of the sodium salt, whilst ferric chloride in like manner 
yields a greyish precipitate. Both these precipitates are decom- 
posed by boiling sodium carbonate solution. 

The foregoing results show that the formula of rottlerin is 
C&HauOg, or three times the formula CuHioOj originally assigned to 
it, its molecular weight being consequently 566. 

The ready production of the above derivatives of rottlerin by the 
substitution of one hydrogen for a metal, and more especially the 
fact that the sodium and potassium salts are formed by the action of 
carbonates in the cold, suggests that rottlerin may be a monobasic 
acid of the formula CaaHjaCVCOOH. 

In the previous communication (Trans., 1893, 63, 975), it was 
shown that rottlerin, when acted on by boiling acetic anhydride, 
yielded a product, the analyses of which agreed well with the 
formula CnH 8 0 3 (CjHj0)a, which, when adapted to the new form ula, 
would represent lieiaettylrottlejin, and that the constitution assigned 
to this substance is correct, appears to he proved by the existence of 
a benzoyl compound, C u H b 0 8 (C,H*0) 2 , which will be hexabenzoyl- 
iottlerin , P. Baitolotti ( Gazzeiia , 1894, 24, i, 1). 
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Experiments -will be instituted with, the hope of determining the 
true formula of the other principal constituents of kamala, namely, 
isorottlerin, and the resins of high and low melting point, which 
being allied to rottlerin will no doubt have a correspondingly high 
molecular weight. 

Action of Sodium Carbonate on Hottlet iiu 

Rottlerin, when boiled with solutions of the alkali hydrates, 
undergoes decomposition, an odour of benzaldehyde being emitted,, 
and an uninviting re bin oils substance produced. As the action of the 
alkali carbonates although similar is less energetic, it was decided 
to study it ; the results at present obtained, however, have been some- 
what disappointing, as the decomposition is evidently of a complex 
nature, and although evidence has been obtained of the formation 
of at least four substances, yet, from their resinous nature, only one 
has so far been obtained in a crystalline condition. 

In this experiment, 10 grams of finely-powdered* rottlerin were 
shaken up with a solution of 20 grams of sodium carbonate in 500 c.c. 
of water, and the mixture gradually heated on the sand bath; as. 
previously mentioned, the first product of the action is sodium 
rottlerin, which forms at about 60°. When the temperature was raised 
to 90°, the suspended crystalline product became redder and more 
granular, and on boiling for a few minutes became slightly sticky. 
It was then collected upon calico, washed, suspended in water, 
treated with hydrochloric acid, and the mixture extracted with ether. 
The ethereal solution, when evaporated to a small bulk and cooled, 
gradually deposited a crystalline substance, which was collected, 
washed with a little ether, and purified by crystallisation from 
ethylic acetate with the aid of animal charcoal. On analysis, it gave 
the following numbers. 

01200 gave 0*3261 CO* and 0*059 H a O. C = 74*11; H = 5*46. 

01105 „ 0*3005 „ 0*056 „ C = 7416; H = 5*62. 

01082 „ 0*2922 „ 0*055 „ 0 = 73*65; H = 5*64. 

C.oHseOs requires 0 = 74; H = 5*53 per cent. 

This formula must be regarded as provisional only until some 
means can be found of obtaining the molecular weight of the sub- 
stance. Thus obtained, it is a garnet-red, glistening mass of fine, 
irregular prisms, somewhat resembling rottlerin in appearance, and 
as it is apparently closely allied to the latter, I propose for it the 
name rottierone . That it cannot consist of an impure rottlerin 
(C 69*32, H 5*26) is shown by its insolubility in aqueons solutions. 

* The rottlerin used in these experiments was obtained by the purification of 
A'amahn, a crude rottlerin prepared by Merck of Darmstadt. 
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of tlie alkali hydrates even when boiled with them, although, like 
rottlerin, it is decomposed and reunified by this treatment. It is 
readily soluble in dilute alcoholic solutions of the alkali hydrates 
Larger quantities of the substance are being prepared, and its in- 
vestigation continued. 

A Dyeiay Pt ojterty of I? rftleria. 

The method of dyeing with kamala is not well understood, and is 
certainly rather remarkable, for, as previously shown, the various 
constituents it contains are insoluble in water. It is not intended to 
enter into the details of the process here, but the method essentially 
consists in boiling the material (chiefly silk) with kamala suspended 
in sodium carbonate solution. It is pi'obable that in the process 
rottlerin plays the chief, if not the only, part, and the result obtained 
is due, not to the fixing of rottlerin on the material, but of the decom- 
position products produced by the action of the sodium carbonate, 
one of which, as shown above, is rottlerone. Even if the material be 
previously mordanted, no compound of rottlerin can be fixed in tbe 
fibre, because, as already stated, the alumina and iron compounds 
of rottlerin are decomposed by boiling sodium carbonate solution 
Though of no practical value, it appeared interesting to test the 
behaviour of sodium and potassium rottlerin towards mordanted* 
calico. For this purpose, they were suspended in water, dissolved 
by the addition of a little alcohol, the mordanted calico entered, and 
the whole brought to the boil. As was expected, the material was 
found to be dyed, yielding the following somewhat poor shades : iron 
mordant, brownish-black; alumina, pale orange-red; and mixed 
alumina and iron, orange-brown. 

I have received a private communication from Professor Scliar, 
31.D., of Strassburg University, with reference to the “wars ’ or 
41 wurrns ” mentioned in the previous communication, in which he 
states that the absorption spectra of alkaline alcoholic extracts ot 
this drug and kamala are indistinguishable. He is of opinion, from 
this fact and their closely allied medicinal properties, that their con- 
stituents will be identical or bear a close chemical relationship. 
Owmg to the extreme difficulty of obtaining this substance, its 
examination has had to be postponed, although, through the aid of 
the Imperial Institute, I hope shortly to procure some of it. 

Cluthworkers' Research Laboratory, 

Dyeing Department, Yorkshire College . 



XXVTII. — Remarkable Molecular Change in a Silver 

Amalgam. 

By Faxml T. Liulliox. 

My attention was directed by Dr. Mallet, of the University of 
Virginia, to a curious swelling up, apparently attended with escape 
uf gas, exhibited by a specimen of silver amalgam, when it was 
moderately heated over a lamp. The following experiments were 
made to determine, if possible, the nature of the change which takes 
place. 

It was first ascertained by analysis that the amalgam originally 
used consisted of about 15 per cent, of silver and 85 per cent, of 
mercury. Having prepared a fresh specimen with the same propor- 
tions, but using both metals in a carefully purified state, it was 
found that this new material behaved in the same way as the old, so 
that the phenomenon did not depend on any foreign metals or other 
impurities which might have been present in the former specimen. 
In all subsequent experiments, the mercury used had been recently 
distilled with care in a vacuum, and the silver was brought to a 
pulverulent condition by dissolving chemically pure metal (“proof” 
silver from the United States Mint at Philadelphia) in pure nitric 
acid, precipitating as chloride, reducing the fresh precipitate by 
means of an ingot of very pure zinc, washing thoroughly first with 
dilute hydrochloric acid, and finally with water, and drying at a 
gentle heat. 

When the proportions already mentioned were nsed, and the 
mercury was simply poured over the pulverulent silver, union took 
place at once, with very notable rise of temperature, so that any con- 
siderable mass of the amalgam became painfully hot to the hand. 
The product, when rubbed in a porcelain mortar, became a perfectly 
homogeneous, pasty mass. When this mass was shaken vigorously 
in a stoppered bottle, as also when rubbing in the mortar was con- 
tinued, a small quantity of a black powder appeared upon the surface, 
sometimes rising in a dust-like cloud when the stopper was removed 
from the bottle. On heating it over a lamp, the amalgam showed 
very notable increase of volume, and the surface appeared as if a gas 
were being given off:. After cooling, the amalgam retained its 
increased volume, was hard and crystalline in structure, a contrast 
to its former soft, pasty condition, and, on being broken across, was 
visibly porous throughout. 

To ascertain with what proportions of mercury and silver the* 
swelling would he greatest, a rough estimate was made by heating, 
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several amalgams of different composition in glass tabes closed at 
-one end, marking on each tube the original volume and the increased 
volume after heating. The following results were obtained. 


Silver. 

1 7*5 

II 15*0 

III 18*0 


Mercury. Expansion. 

92*5 about 8 per cent. 

85*0 ,, 23^ ■*! 

8*2‘0 very slight. 


Varying the proportions so as> to represent the atomic ratio AgHgj, 
it was found that 


Silver. Mercury. Expansion 

11-87 88*13 gave about 33^ per cent., 

which seemed to be the maximum attainable. This amalgam, 
AgHgt, was used in all the remaining experiments. With it, the 
rise of temperature, on pouring the mercury over the pulverulent 
silver, and rapidly shaking the two together in a stout glass bottle 
of about litre capacity, was, for a specimen of amalgam, weighing 
220 grams, 40° C., namely, from 25° to 65°. A second and more 
carefully made experiment gave for 156*64 grams a rise from 28*2° 
to 66*4° = 38’2°. The amount of heat evolved in the act of com- 
bination was not, however, determined in a calorimeter. 

The black powder which has been mentioned was examined. It 
was removed by means of a camel’s hair pencil from the surface of 
the amalgam and of the bottle in which the latter had been shaken 
up, care being taken to reject all such minute globules of mercury as 
could be seen with the aid of a hand lens. The powder was digested 
with strong acetic acid, to dissolve any mercurous oxide which might 
be present, and. after filtration, the liquid was tested with a bit of 
copper wire, gently warming for some time, and adding a drop of 
hydrochloric acid ; the copper became slightly coated, and, after 
drying, it gave, on being heated in a miniature glass tube, minute 
globules of mercury visible with a lens. The part of the powder 
undissolved by acetic acid was dined and heated in another small 
tube; it also gave a sublimate of mercury globules, and left a 
residue which, on being dissolved in a drop of nitric acid and pre- 
cipitated by hydrochloric acid, srave chloride of silver, easily soluble 
in ammonia. Hence the black powder seems to consist of both metals 
in a state ot tine subdivision, with a pare of the mercury converted 
into mercurous oxide. 

To determine more closely the amount of expansion, the sp. gr. of 
the amalgam under different conditions was examined, nsing large 
masses (50 — 80 grams), but weighing accurately on a good analytical 
balance. 

I- The amalgam, AgHg 4 , in its original soft and pasty state, as 
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produced by rubbing the silver and mercury together in a mortar 
until the mass was entirely homogeneous, had the density 13*340 at 
about 24°/24°. The calculated density for this temperature, assuming 
no change of volume as the result of union between the metals, is 
about 13*216, so that some little contraction is indicated. 

IT. The density of the same amalgam after remaining at atmo- 
spheric temperature, about 22 — 27°, for several days was found to be 
13*412. It was slightly crystalline, and harder than at first, but 
could be easily crushed between the fingers. 

III. Two specimens of the amalgam, AgHg 4 , which had been 
heated (in a Sprengel vacuum), had swelled up and become quite 
crystalline, brittle, and too hard to be readily crushed in the fingers, 
after cooling to atmospheric temperature, gave d = 9*229 and 9*119 
respectively. They were very porous, full of small cavities, so much 
so that it was not possible to avoid water entering the pores to some 
extent from the surface, and hence the sp. gr. of the porous mass as 
a whole could not be taken with great accuracy, but the approxi- 
mate values thus found indicate the large increase of bulk resulting 
from the beating. When crushed in a mortar and rubbed sufficiently, 
this crystalline and swollen amalgam could be brought back to its 
original soft and pasty state. 

The swelling np began at a temperature of about 240°, and con- 
tinned until an immersed thermometer indicated 335°; the phenomenon 
seemed to be most marked at about 315° to 320°. 

The appearance so closely resembled that of an escape of gas from 
the material heated, that the experiment, originally tried in the air, 
was repeated more than once in a vessel, made from Bohemian glass 
combustion tubing of large size, connected with a Sprengel pump, 
and well exhausted in advance of the heating. In a first attempt to 
collect any gas given off, 105*52 grams of amalgam consisting of 
12 per cent, of silver and 88 per cent, of mercury, seemed to swell 
up more notably in the exhausted vessel than if heat had been applied 
under atmospheric pressure, bat only a small bubble of gas was given 
off and collected. It proved to be oxygen, and probably came from 
some slight admixture of the black powder already mentioned. In 
another experiment, the amalgam AgHgt was used, and on heating 
253*74 grams in a vacuum, a quantity of gas was obtained which 
would measure 1*62 c.c. at normal temperature and pressure (0° and 
760 mm.) ; this also proved to be oxygen. It had been imagined as 
possible that silver in solution in mercury at common temperature 
might absorb gaseous oxygen as the former metal in the molten con- 
dition does, and might give it up on moderate heating, but it seems 
evident that this does not take place, at any rate to any considerable 
extent, and is not the cause of fcLe phenomenon under examination, 
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wiiich must be ascribed to molecular change involving only the two 
metals. 

The marked development of heat which attended the union of the 
silver and mercury was suggestive of analogy to the similar but more 
striking effect of bringing together mercury and either of the alkali 
metals, and, therefore, sodium amalgam was prepared in pasLy form, 
and heated, with the result that a similar swelling-up took place, 
though to a less extent than in the case of silver amalgam, and a 
similar hardening and assumption of crystalline structure appeared 
after cooling. Pasty copper amalgam was also tried, and showed 
something like the same behaviour, but the mass took a longer time 
to cool and settle to the crystalline state, and was not so porous as 
the amalgam of silver in the same condition. 

This similarity of behaviour of silver to sodium and to copper in* 
relation to mercury serves but to supply another bit of evidence in 
support of the positions assigned to the first three metals in classifi- 
cation based on the “ periodic law/* 


XXIX . — Chemical Composition of two Silver Ornaments 
from Inca Graves at Chimhote , Peru. 

By Cora TT u kkk. 

A iormee student in the laboratory of the University of Viiginia 
(L r .S,), Mr. J. Lawton Taylor, now a mining engineer at Santa Cruz de 
Alaya, in Sinaloa, Mexico, was in 1875 engaged in connection with 
mining work in Peru, and at Chimhote, on the coast, some seventy-five 
miles southwards from Trnxillo, he obtained a number of silver orna- 
ments from Inca graves antecedent in age to the Spanish Conquest. 
These he afterwards brought back to the United States, and pre- 
sented several of them to Dr. Mallei, of the University of Virginia. 
At the suggestion of the latter, I undertook the analysis of two of 
these ornaments, which are believed to have been worn by the dead 
persons in whose graves, near Chimhote, they were found. Prescott 
( History of h fie Conqxiest of Pern , 1, 151, 152), says : — “ The royal 
magazines and the huucas* or tombs of the Incas, hare been found 
to contain many specimens of cnrious and elaborate workmanship. 
Among these are vases of gold and silver, bracelets, collars, and other 
ornaments for the person.’’ 

One of the two specimens examined, A, consisted of a silver plate* 
which, when spread out, had the form and dimensions shown in 
Pig. 1 ; it was 68 mm. long, with nearly circular ends of about 
20 mm. in diameter, which were somewhat concave on one side, and 
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a small perforation in tlie middle of tlie length, apparently to afford 
means of attachment. As received, the plate was bent double near 
the middle of its length. It weighed 4*099 grams. 


Fig. 1. 



A. von Humboldt (Vues des Cordilleres et Monuments des Feuplts 
Indigenes de VAmerique. Paris, 1810, 87), referring to Plate XIV in 
that book, says of Pigs. 1 — 4 : “ Qnatre guerriers mexicains : les trois 
premiers $ 0 ) tent le vetement appele ICHC’ahuepilli, sorte de euirasse de 
coton qvi avuit plus de trois centimetres d' epai^eur, et qui courrait le 
corps depuis le col jusqu’a la ceinture . Les soldats de Cortez adopt e rent 
cette armure , qu’ils designerent sous le nom d’ESCAUPiL, dans lequel on 
recoiuiait d peine un mot de la langne azteque. J&’ichcahijepilli 
resist ait parfaitement aux fleckes” Pound the lower border of this 
cotton euirasse in each of the three figures appears a row of orna- 
ments of the form of the Inca silver specimen examined. 

The other ornament, B, was a ring, made of a fiat band of silver, 
which, when cut across and straightened out, was 65*5 mm. long and 
9*7 mm. wide, and weighed 2*4265 grams. As i-eceived, it was 
crumpled, and presented the appearance of Fig. 2. 


Fig. 2. Fig. 3. 



Belonging to this ring, but detached from it, was a small ornament 
rudely carved from the mother-of-pearl inner side of some shell, 
apparently intended to represent the head of an aminal. It had four 
small perforations for attaching it to the ling. Von Humboldt (Vues 
des Cordilleres , Plate XXVH) shows hieroglyphic figores of the 
Mexican calendar much resembling this head in general character. 
Before making the analyses, both ornaments were gently and care- 
YOL. lxyh. t S 
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fully Trashed witli water, to lemove any particles of mere earthy 
matter adhering to the surface, but not so as to disturb the firmly 
attached crust which had formed by chemical alteration of the metal 
beneath ; after this cleansing they were diied and weighed. 

The crust was then removed by treatment with aqueous solution 
of ammonia, with exposure for some time to the air. This treatment 
dissolved the silver chloride and compounds of copper, of which the 
crust proved to be in large measure composed. The chloride of 
silver was recovered from the ammoniacal solution by the addition 
of nitric acid, and the copper was precipitated as cupric oxide by 
sodium hydroxide. Loosened by the ammonia, but not dissolved, 
there was a residue of siliceous material (earth and sand), with a 
very little organic matter. 

The metallic portions of the ornaments, thus stripped of incrusta- 
tion, were then treated with niti-ic acid, which dissolved nearly the 
whole. The small residue insoluble in the acid was, after treatment 
with a few drops of ammonia, ignited, weighed, and cautiously fused 
before the blowpipe; in each case it yielded a minute globule of 
gold. The silver was precipitated by hydrochloric acid, and the 
chloride ignited with the usual precautions and weighed. Lead, 
which was present only in the ring, was removed by sulphuric acid. 
Copper was determined as cupric oxide ; iron and zinc also as oxides,, 
the last two metals being also found only in the ring. 

Of the gross weight of the ornament A, the crust, removed by 
aqueous ammonia, formed 2'41 per cent. This crust was com- 


posed of 

Chloride of sil\ er 0*43 

Basic carbonate of copper, of a green colour 0 83 
Siliceous (and a little organic) matter . . . . . 1*15 


2 41 

The quantity of the basic copper carbonate was far too small ta 
allow of its composition being accurately ascertained ; from the 
amount of copper actually determined as cupric oxide, it has been 
calculated as Cu 2 (HO) 2 COj, or malachite. The metallic portion ot 
this ornament consisted of 

Ag. Cu. Au. Total. 

85-24 13-96 0*15 99-35 

In the case of the ring, B, the crust represented 1-52 per cent, of 
the gross weight. It contained but a trace of silver chloride, and 
was composed almost entirely of cuprous oxide, with a very little 
siliceous matter. 

The percentage composition of the metallic portion of the ring, 
taken as a whole, was as follows : 
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Ag. Cu. An. Fe. Zn. Pb. Total. 

25-51 72*09 0-25 1-21 0*50 010 99-66 

Notwithstanding the small proportion of silver, the colour of the 
alloy on the surface was fairly white. The ring was made from a 
strip of metal by lapping the ends and soldering them together. It 
was not possible to separate the solder itself, bnt, in order to form 
some idea of its composition, the soldered part was cnt away from the 
rest and analysed separately : the constituents found are included in 
the tabular statement of the composition of the whole ring, given 
above. All of the lead and zinc, and the greater part of the iron, 
were fonnd in the soldered part, and may be assumed to have formed 
part of the solder. 

The results of these analyse^ seem worth recording, as a small con- 
tribution to our knowledge of early Peruvian metalluigy. I have 
seen no reference to the form in which silver was known by the 
Incas to occnr in nature, bnt the presence m each of these ornaments 
of a minute amount of gold, the well-kaown occurrence in the Andes 
of Peru and Chili of native silver and copper, sometimes in very con- 
siderable masses, the easy utilisation of the metals when thus found — 
while the reduction by furnace methods of the sulphurous ores of 
silver (or even the chloride and bromide), in their most commonly 
observed condition of admixture with large proportions of siliceous 
or calcareous vein-stones, would not be so simple or easy — may perhaps 
be taken to suggest that these relics of primitive Inca workmanship 
were made from the native metals simply melted down in the 
furnaces, of which A. de Herrera (Hitfoiia Gt neral tie los Hechos de 
lot i Castellanos en las Js lab y Tierra Finn t* del 2Tar Oceano , Madrid ed., 
1726, Decada V, f. 77) has the following notice : — 

4 * Los Indios se ajprovechahan de la Plata, por ftnnliriuii in Honiillos , 
udonde el viento sopla.se redo , i con Lena, i Carbon : los Castellanos la 
btnefidan con Agogue, i es mas procechobo” 

Further on, in the same passage, reference is made to the use of 
both forced blast (“viento da Fuelles”) and natural draught. 

The statement that the Spaniards obtained a better yield of silver 
by using mercury than the u Indians ** of Pern by means of their 
furnace fires was written long after the Conquest. If it be assumed 
that the native furnace methods referred to had been applied to like 
natural material in the early days of Inca civilisation, before the 
arrival of Europeans, this statement would seem to imply that silver 
ores, in the proper sense of the term, were then worked, as well as 
the native metal. 



XXX . — On Some Derivatives of Etkylorthotol iridine. 

By W. MacCallum, jun * 


Welt, Noelting, and Grandmougin (Ber., 1890, 23, 3635) have shown 
that on boiling the diazo-derivativc of nitro-orthotoluidine (m. p. 10/ ) 
with water, nitroindazole is formed as well as the oresol, thus 


/V'it, 

SQz^yTJSCl 


/\/f\ 


HC1 


\A S / 




On the other hand, Heusler (Bee., 1891, 24,4160) found that on 
heating with glacial acetic acid the diazoamido-componnd prepared 
fi*om this uitrofcoluidine, nitroindazole and nifcrotolnidine are produced 
according to the equation 

/V* ch,/\ _ H , fp. 

At the suggestion of Professor Noelting, I have endeavoured to 
ascertain if nitrosoetbyltoluidine and the diazoamido-compounds ot 
nitroethyltoluidine do not in an analogous manner give isindazole de- 
rivatives. The former, for example, on losing the elements of water, 
might give ethylisindazole, thus 

H 

- EUO — 

-SO 

OS, 


Ach 3 


\/ 


sicyeu 



whilst the latter might decompose into amine and nitroethylisind- 
azole 


/\c] 


.OH, 

iycc.Br,)-y;y-E 


R-XH. 


H 


/\/ v 


\/\ x / 


/ 


■x. 




# This work was done by tlic late W. AlacCalltun, jun., in the laboratory of 
the Chmie Schtile in Mulhuu&en during the year 1893. Owing to the sad death of 
this young and promising worker, it is only now published from his notes by his 
friend Dr. Hepburn. — [E. Noelting.] 
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My experiments led to negative results, bat some new compounds 
were prepared, and several observations were made which, are de- 
scribed in the following pages. 

Nitroethylorthotoluidine, [Me : NHEfc : X0 2 =1:2:4]. 

Pore orthoethyltolnidine, boiling at 208 — 209 J (nncorr.), was ob- 
tained from the nitrosamine. 36 grams of this ethyltoluidine was 
dissolved in 360 grams of sulphuric acid (96 per cent.), and a mixture 
of 27 grams of nitric acid (66 per cent.), and 54 grams of ordinary- 
strong sulphuric acid slowly added, the temperature being kept at 2° 
not only during the operation but also for 12 hours afterwards ; the 
mixture was then poured on to ice, and neutralised with solid sodium 
carbonate. The precipitated nitro-derivative, weighing 30*5 grams, 
crystallised from alcohol in light red needles, melting at 81 — 82°. 

0*1973 gave 0*4287 CO a and 0*1210 H a O. C = 59*79 ; H = 6*81. 
0*2440 „ 33*5 c.c. moist nitrogen at 18° and 747*3 mm. X = 15*58. 

C 9 Hi 2 X 2 0 2 requires C = 60*00 ; H = 6*66 ; X = 15*55 per cent. 

Etliyltoluyle'>iediamiae> [Me : XHKt : XH 2 = 1:2:4]. 

This compound was prepared by redacingthe above nitro-compound 
either by tin and hydrochloric acid, or by zinc dust and hydrochloric 
acid. By the former method, a well-defined crystalline double salt 
was obtained, whilst the latter method gave a yield of diamine equal 
to 85 per cent, of the theoretical quantity. 

0*129 gave 21*6 c.c. moist nitrogen at 18*6° and 742*6 mm. X = 18*83. 

C9H14X2 requires X = 18*66 per cent. 

Ethylmetatoluylenediamine is a colourless liquid which boils at 
274 — 275° (nncorr.), and rapidly becomes brown on exposure to air. 
It is easily soluble in alcohol, ether, and benzene. It forms salts with 
acids, which are easily soluble in water. It is converted by diazo- 
benzene chloride into a chrysoidine, which is a proof that the amido- 
groups, and, therefore, also the nitro- and amido-gronps in the first- 
described nitro-derivative, are relatively in the meta-position. 

Kitroethylacetorthotoluidide , [Me : XEtAc : X0 3 = 1:2:4], 

2*2 grams of metanitroethylorthotoluidine having been dissolved 
in a small quantity of glacial acetic acid, 1 gram of acetic anhydride 
was added, and the mixture heated on the sand bath during 12 
hours. The product was then poured into water, precipitated with 
ammonia, crystallised from dilate alcohol and then from benzene by 
precipitation with light petroleum. 

s 2 
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0*23675 gave 27*1 c.c. moist nitrogen at 14° and 7*35 mm. N = 12*90, 
CiiHuNjA requires NT = 12*70 per cent. 

Metanitroethylacetortliotolnidide is very soluble in alcohol and 
benzene, crystallising from the former in white plates, which melt at 
90° ; it is only sparingly soluble in light petroleum. 

lloiiobromcmietaniti ot thylortliotoluidine, [Me : NHEt : NOa : Br = 

1:2:4: *]. 

5 grams of metanitroethylorthotolnidine was dissolved in 55 grain*- 
of glacial acetic acid, and 5 grams of bromine slowly added. The 
white crystals of the hydrobromide were collected, washed with 
glacial acetic acid, and then with absolute alcohol. They melted and 
decomposed at 194 — 195°. 

0*2522 gave 18*4 c.c. moist nitrogen at 18° and 750 mm. JST = 8*3. 

0*1755 „ 0*1941 AgBr. Br = 47*06. 

CgHul^OoB^HBr requires 1ST = 8 28 ; Br = 47*33 per cent. 

On adding the hydrobromide to water, it was converted into the 
reddish-yellow base, which crystallised from alcohol in needles melt- 
ing at 114°. 

0*2275 gave 21*9 c.c. moist nitrogen at 21° and 744 mm. 1ST = 10*72. 

0*2202 gave 0*15818 AgBr. Br = 30*47. 

C9HnN2O5.Br lequires N = 10*77 ; Br = 30*88 per cent. 

Metanitroethyln i iroso- orthotoluidiue, [Me :NEt*NO :NO* = 1:2:1]. 

On adding a strong aqneous solution of sodinm nitrite slowly to tho 
alcoholic solution of one molecular proportion (1 gram) of met a 
nitroethylorthotoluidine and two molecular proportions of hydro- 
chloric acid, an almost colourless salt at once began to separate, 
'which on treatment with water gave the yellow base; tho latter, afior 
crystallisation from alcohol, melted at 56“ ; j ield, 1 gram. Submitic di 
to Liebermann’s test for niiroso-compounds, the results were as follow . 
Strong sulphuric acid and phenol gave a blue-green coloration in the 
cold, and a blue when heated ; the healed mixture poured on to it e 
gave a brownish-red liquid, which with excess of alkali changed to 
green (see Effect of Dehydrating Agents on the Nitrosamine ”). 

0* 1191 gave 21*3 c.c. moist nitrogen at 18*5° and 750 mm. N = 20*33, 
CsHhN^Os requires N = 20*01 per cent. 

Several attempts to convert the nitrosamine into tho isomeric 
nitroso-compound, C c H s (N 0 3 ) (N O) (CH 3 )*NH*0 [=1:2:4: 5], 
by Fischer and Hepp’s method (Ber., 1886, 19 , 2991), resulted in the 
immediate breaking off of the nitroso-group, and the quantitathe 
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formation of metanitroethylorthotoluidine, which was identified by 
its melting point (81 — 82°). 

Bffect of Dehydrating Agents on the Nitwsamine. 

As already stated, it was thought that the effect of dehydrating 
agents on metanitroethylnitroso-orthotolnidine might be to remove 
the elements of water, and so to form an isindazole. The action* 
however, was not of this nature, but gave rise to metanitroethyl- 
orthotoluidine, owing to the elimination of the nitroso-group. The 
dehydrating agents used were ( a ) strong sulphuric acid, (b) zinc 
chloride, with alcohol as solvent for the nitrosamine, and (c) zinc 
chloride melted with the nitrosamine alone. 

Action of Diazo-compounds on JEthyltoluidine and Nitroethyltoluidine. 

1. Diazotised Orthotoluidine on Faranitroethylorthotohdd m e. — On 
adding a concentrated, aqueous solution of diazotised orthotoluidine 
and excess of sodium acetate to ethylorthotoluidino, dissolved in 
glacial acetic acid, the mixture began to give off nitrogen after a 
time, and metanitroethylorthotoluidine separated. 

An attempt to effect combination by adding an alcoholic solution 
of diazotised orthotoluidine to an alcoholic solution of the toluicline 
gave the same result. 

2. Diazotised Fa ran itro - orthotoluidine on Dthylorthoiohddim . — 
3 grams (1 mol.) of paranitro-orthotoluidine was diazotised in 
aqueous hydrochloric acid solution, and added to 2*7 grams (1 mol.) 
of ethylorthotoluidine dissolved in glacial acetic acid, to which excess 
of sodium acetate had been added. The deep red oil, which separated 
immediately, was extracted with ether, and on distilling off the ether 
a deep red solid was left, which, after crystallisation from benzene, 
melted at 154 — 155°, When the crystallised product was boiled with 
h) drochlorie acid, it seemed as if there were a slight evolution of 
nitrogen; it was collected, treated with wanu sodium hydroxide, and 
finally recrystallised from alcohol, when it melted at 150°. As, oik 
the addition of diazobeuzene chloride to the sodium hydroxide used 
above, no coloration was obtained, it was concluded that this con- 
tained no cresol, and, therefore, also that the product of the action 
did not contain a diazoamido-eoinpound. 

Ethylorthotoluidine coupled with diazotised metanitrotoluidine 
thus gives an amidoazo-compound directly, whose constitution is, in 
all probability, represented by the formula 
Cff, 
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0-1645 gave 28 5 c.c. moist nitrogen at 17° and 723 mm. 1ST =s 19*1* 

CisH^K^Og requires "S = 18*78 per cent. 

3. Diazotised Paranitvo-oYtJiotoluid iue on P cu am troethylo) fliotohiidint*. 
— The diazotisation of the nitrotoluidine and the union were effected 
in the same manner as that described under (2). 

The pale yellow diazoamido-compound separated at once, and on 
crystallisation from alcohol melted at 125°. 

0*1855 gave 34*2 c.c. moist nitrogen at 17° and 727 mm. KT = 20*44. 

C 16 Hi 7 N'b 04 requires 1ST = 20*40 per cent. 

Ethyldiazoamidonitrotoluene is soluble in ether and alcohol, and 
crystallises from the former in long, pale yellow needles melting at 
L25°. When heated with mineral acids, it is decomposed with 
evolution of nitrogen; and its alcoholic solution, if loft in contact 
with hydrochloric acid, becomes red, owing to the formation of the 
corresponding azo-compound. 

If submitted to the same treatment as that applied by Heusler 
( Per 1891, 24, 4160) to diazoamidonitro toluene, it behaves like the 
latter, the same nitroindazole being foimed as that obtained by Witt, 
Noelting, and Grandmougin 1890, 23, 363o) on their diazo- 

tising metanitrotoluidine and beating it in the presence of dilute sul- 
phuric acid. The action may bo represented thus : 

H 

/\,oh 3 oHs^N /V \. ^ 

- > t (cyet 5 ) x/ 'no, 

c 6 h 3 (ch 3 ) (Noj irii-cyor.. 

5 grams of the diazoamido-compound were heated for 1£ hours on 
the sand bath with 20 grams of glacial acetic acid. The* product of 
the action was passed into water, made alkaline with sodium 
hydroxide, and the metanitooethylorthotoluidino separated by distil- 
lation. The residual oil was treated thrice with boiling water, and 
the undissolved portion, which solidified on cooling, was crystallised 
from alcohol ; it then melted at 180°, and corresponded in every way 
with the nitroindazole already mentioned. Yield, 57 per cent, of the 
theoretical. 

0*1479 gave 34*3 c.c. moist nitrogen at 16° and 741*5 mm. N =s 25*8* 
OtHbNsQi requires N = 25*7 per cent. 

4. Diazotised Meta nitr aniline on Pamidtroethylorblwbohudine . — The 
diazotisation of metanitraniline and the union of tlie resulting diazo- 
compouud with the tolaidine were effected in the same manner m 
that described under (2). The resulting diazoamido-compound is 
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o.isily soluble in alcohol and benzene, and crystallises equally well 
Irom ether. It forms yellow crystals which melt at 88°. 

4) 1985 gave 37*8 c.c, moist nitrogen at 19*3° and 750 mm. N = 21*21 
OisHielTjOi requires NT = 21*27 per cent. 


XXXI . — Acidimetry of Hydrogen Fluoride . 

Jly TuiEMAbA Haga, F.C.S., Assistant Professor of Chemistry, and 
Yukiohi Osaka, Graduate, Imperial University, Japan. 

So far as we can find out, the acidimetry of hydrogen fluoride has 
not yet been particularly investigated, but it is well known that as 
■an acid it stands apart from hydrogen chloride and other strong 
mineral acids. For whilst it even surpasses sulphuric acid in tho 
intensity of its reaction with water and many organic substances, 
it yet shows such mild acidic characters, that its “ avidity 99 number 
places it in this relation among vegetable acids. Further, it not 
only decomposes the oxides of some metalloids, such as boron, 
silicon, phosphorus, and sulphur, forming fluorides possessing some 
degree of stability in presence of water, but also gives with potash, 
soda, and ammonia, salts which are alkaline to litmus. 

To investigate the subject, we have experimented with the following 
common indicators of neutralisation of acids by bases; litmus, 
iacmoid, methyl-orange, phenacetolin, phenolphthalein, rosolic acid, 
-cochineal, brazil wood, and turmeric paper. These indicators have 
been prepared and used in the usual way, for the most part as 
described in Sutton’s Volumetric Analysis. In order to ascertain 
what personal difference there might be in the estimation of tho 
particular shades of colour which indicated neutralisation, we worked 
Separately, and on materials all prepared by each for his own use. 
Tho first and last of the tables appended contain the results obtained 
by Haga, and tho second those obtained by Osaka. 

For titration in t the experiments recorded in Tables 1 and II, doci- 
normal solutions, in tho experiments given in Table Ili twice- 
decinormal solutions of potassium and sodium hydroxides and of 
ammonia wore taken. They were almost pure, containing only the 
merest traces of silica and alumina, but as these, and also carbon 
dioxide when present in noticeable quantity, affect the indications 
of some of the colour reagents, we were careful to determine for 
oach indicator the exact titre of the alkali solutions in terms of a 
decinormal sulphuric acid which had been standardised by barium 
chloride, thus rendering ourselvos independent of the effects of any 
impurities present. 
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Tlie hydrofluoric acid examined was purified in the following 1 way. 
Commercial, “ pure ” hydrofluoric acid solution was distilled in a 
platinum retort after adding a few drops of a saturated solution of 
potassium permanganate and a little potassium hydroxide. The dis- 
tillation went on at about 130°, and the product was found to be 
free from hydrochloric acid and other foreign matters. Silica was 
sought for hy Jorgensen’s cliloropurpnreocobaltic chloride tost, and 
not found. Before purification, the acid gave a small quantity of 
precipitate when mixed with this reagent and [allowed to remain for 
three days, but the distilled acid gave none after standing for a week. 

The purified acid was diluted and preserved for use in a gutta- 
percha bottle, which had for years been holding the acid before its 
final purification. For each titration, a portion was weighed off in a 
platinum crucible with well-fitting lid, and was then washed into a 
large platinum dish in which the neutralisation was effected, except 
that in some cases the results recorded in Table I wero obtained by 
transferring the solution, when almost neutral, to a glass vessel, in 
•order to observe the shade of colour more accurately. 

The strength of the acid was determined gravimetrically hy mixing 
in a platinum crucible a weighed quantity of the solution with excess 
of slaked lime freshly made each time from a weighed quantity of 
precipitated calcium carbonate, allowing the mixture to stand during 
the night, drying, and then igniting till the weight became constant. 
The solution of the acid nsed for tlie trials recorded in Table 1 was 
also assayed by digesting it with precipitated and finely-divided silica, 
■and then igniting with a little sulphuric acid; the results of tlie two 
methods agreed well. That used in the trials recorded in Table 111 
was assayed also by gravimetrically estimating the acid as calcium 
fluoride. The silica method gave iu this case a low result, and was 
rejected. 

Litmus as Indicator . — Only historically, and because of tho universal 
employment of litmus for testing neutrality, do we give it tho first 
place in the titration of hydrogen fluoride. On tho addition of potash 
or soda to dilute solutions of hydrofluoric acid coloured by litmus, 
the red colour rapidly deepens to violet, and by the time ono molecule 
of alkali has been added, the litmus has become almost pure blue, 
tbat is, blue almost entirely free from any violet tinge. In fact, tho 
effect on litmus in the saturation of hydrogen fluoride with potassium 
hydroxide is much like that reversed of the saturation of potassium 
•carbonate by sulphuric acid. However, by practice and by keeping 
before one a second vessel of water coloured by litmus of the right 
tint — full blue, as it would be called — it is possible to titrate hydro- 
fluoric acid by means of litmus; its use, however, is not recommended. 

Blue litmus paper, reddened with a solution of potassium fluoride 
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containing a small quantity of hydrogen fluoride, becomes blue again 
when loft exposed to the air. If the paper be wetted soon after it has* 
become blue, the red colour w ill be almost always restored, but it it is 
allowed to dry thoroughly, subsequent moistening with water generally 
fails to bring back the red colour. The colouring matter seems to be 
modified by drying up with the fluoride. Dissolved litmus added to 
such a solution is also coloured red when much water is present, but 
becomes more and move blue on evaporating the solution, and when 
it has become sufficiently concentrated the greater part of the colour- 
ing matter separates as a blue powder. This change to blue is not 
due to loss of hydrofluoric acid, for on adding water the colouring 
matter dissolves again, giving a red solution as before. A solution 
in which litmus paper was turned apparently permanently red, and 
only on drying became neutral or very faintly alkaline, was in one 
trial found to correspond very nearly to HKJ6Y Litmus paper is 
known to be reddened by monopotassium orthophosphate in solution, 
and to become blue again when dried, from which it may be inferred 
that hydrogen fluoride, like hydrogen phosphate, is a polybasic acid, 
H*F 2 , or HA or H 4 F 4 . 

Lacmaicl solution behaves essentially like litmus, the difference 
being that much, less alkali is required to produce a bluish- violet 
colour in a solution coloured by laemoid than in one coloured by 
litmus. By titrating to a distinct blue, good results may be got with 
it, but it is not a desirable indicator. Lacmo’id paper behaves like 
litmus paper, 

Ph&nacetolin changes in colour somewhat gradually when near the 
neutrality point, but by titrating to pure purple, or rose-violet free 
from any tinge of yellow, it may be used successfully. 

Methyl-orange is quite useless tor the ordinary titration of hydrogen 
fluoride, although it seems to find neutrality in K 8 H&V The colour 
changes are very ill-defined. 

PhenolphthaleiUr is most satisfactory as an indicator for hydrogen 
fluorido, giving a very sharp colour change at the point of neutrality. 
It cannot, of course, be used with ammonia. 

RvsoUc acid is almost equal to phcnolphthalem, but not quite so 
sharp in its indication. It can bo used with ammonia as titrating 
agent, although ammonia is a little slower than tho fixod alkalis in 
affecting this and other colours. In the case of this indicator, and 
also of phenolphllialoin, the change of colour is well adapted for 
being observed in platinum vessels. 

Cochineal and brazil tvootl behave alike. Both become violet 
gradually befoi*e the acid is neutralised, but the change is ill-defined ; 
finally they turn bluish-violet. This final change of colour is fairly 
sharp, and is satisfactory for indicating neutrality. Brazil-wood paper 
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becomes bluish-violet; before all the acid is neutralised, and is 
therefore unsuitable for use. 

Turmeric paper is satisfactory, but not quite so sensitive as some of 
the other indicators, and near the finishing point responds slowly. 

Table T. 

Strength of the hydrofluoric acid (a) by lime method, 2*79 per 
cent. ; (6) by silica method, 2*78 per cent . ; mean, 2*785 pei* cent. 
Of this solution from 1*2 to 2*9 grams were taken for each determi- 
nation and titrated with a decinormal solution of the alkali, of which 
it required from 16 to 39 c.r. 



Table II. , 

Strength of the hydrofluoric acid by the lime method (a), 6* 29 per 
cent. ; (h) 6*34 per cent. ; (c) 6*30 per cent. ; mean, 6*32 per cent. 
Of this solution, from 0*7457 gram to 2*1622 grams were taken for 
each determination, and titrated with a decinormal solution of the 
alkali, of which it required from 23*3 to 68*7 c.c. 


Indicator. 

Colour when 
neutralised. 

Litmus «... 

Distinctly blue . . 

Rosolic aeid .. .... 

Distinctly red . . . 

JRosolie add 

Faintly rod 

Plienacetolin 

Purple «... 

Phenacetolin 

Faintly violet . . . 

PhenolphthaleTn . . 

Just pirtlc, 

Cochineal 

Violet. 

Cochineal 

Faintly violet... 

Litmus 

Faintly blue 

Lacmold 

Distinctly blue , . 


Acid found in 100 parts of the solution 
instead of 6*32. 


With potas- 
sium hydroxide. 

With sodium 
hydroxide. 

With 

ammonia. 

6 *47 

6 '42 

6*52 

6*31 

6*38 

6*41 


— 

6*35 

6*40 

6*11 

6*33 

6*29 

5*94 

6*22 

6*30 

6*37 

- 

6*2 2 

6-00 

6*30 

6T6 

— 

6*16 

6*28 

— 

6*29 

6*19 

G*0O 

0*22 
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Table III. 

Strength of hydrofluoric acid (a) by lime method, 24*93 per cent. ; 
(b) by silica method, 23*98 per cent. ; (c) by calcium fluoride method, 
25*11 per cent. ; mean of (a) and ( c ), 25*02 per cent. Of this solu- 
tion from 1*488 to 0*7457 grams were taken for each determination 
and titrated with a twice-decinormal solution of the alkali, of which 
it required from 93*23 to 45*76 c.c. 


Indicator. 

Colour when 

Acid found in 100 parts of tho solution 
instead of 25*02. 

neutralised. 

With potas- 
sium hydroxide. 

With sodium 
hydroxide. 

With 

ammonia. 

Rosolic acid 

Distinctly red . . . 

24 *82 

24-77 

24-96 

Phenolphthalein .. 

Distinctly pink. . 

25*00 

25-00 

— 

Litmus 

Pure litmus blue 

24*55 

24*60 

24*49 

Brazil wood ...... 

Violet 

24 *71 

24*99 

24*51 

24*77 

24*52 

24*40 

Fhenocetolin ..... 
Cochineal 

Purple 

Violet 

24-77 

24-86 

24*85 

24*64 

24-48 

Lacmoid ......... 

Pure laemo icl blue 

24-50 

Turmeric paper . . . 

Reddish-brown.. 

24-77 

25 -10 

25*05 


It will be seen that, as in the case of the ordinary vegetable acids, 
the best indicator is phenolphthalein, or, when ammonia is the 
titrating agent, rosolic acid. 

It should be borne in mind that all these indicators give satisfactory 
results only when the alkali solution is almost pure. The use of an 
impure alkali solution, or of a solution which has been kept long 
enough in glass vessels to have taken up silica, carbonic acid, and 
other impurities in appreciable quantity, is liable to give results 
which are ill-defined, and generally too low. 

In conclusion, we have to return our thanks to Dr. Divers for his 
valuable suggestions in working out this paper. 


XXXII . — The Magnetic Rotation of some Unsatumted 

Hydrocarbons. 

By W. H. Perkin, PkD., F.R.S. 

In connection with the various accounts I have had the honour of 
bringing before this Society on the magnetic rotation of different 
compounds, the only measurements of the olefines which have been 
given are those of amylene. Hitherto, the results obtained have been 
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kept back, in the hope that several other members of this senes 
might be examined, and thus a more complete account of the group 
given. The difficulty of obtaining additional members of this series, 
however, and the investigation of other substances, has prevented 
farther progress being made in this direction. Although the number 
of olefines examined has not been so large or so suitable for com- 
parison as could be wished, the rotations of other hydrocarbons 
related to them have been measured, and a comparison of these with 
the olefines is of considerable interest, both in relation to their con- 
stitution and also because they are more highly unsaturated. On this 
account it appeared desirable, without further delay, to give all tlic 
results obtained, up to the present, with open chain unsaturated 
hydrocarbons. 

The following is a list of the substances examined. 

* 

Amvlene (new specimen). 

Hexylene. 

Octylene. 

Diamylene. 

Diallyl. 

Isoprcne. 

Dipropargyl. 

Amylene, Trimethyletliylene , (CH 3 ) 2 CIOH*CHj. 

Like the previous specimen examined (Trans., 1884, 45, 449), this 
was prepared from dimethylethylcarbinyl iodide (most of which dis- 
tilled at 135°, corr.), by dropping it into boiling alcoholic potash. 
The trimethylethylene thus obtained, after being well washed with 
water, dried, and distilled, boiled at 35*5 — 36*5°, corr. The density 
determinations gave 

d 4°/4°* 0-6726. <n5°'l 5° 0*6620. 

d 10°/10° 0*6669. (1 20 o /20° 0*6577. 

d 25°/25° 0*6535. 

The magnetic rotation, twice determined, gave 

Sp. rotation. Mol. rotation. 

13*6° 1-0591 , 6-208 

This result is a little higher than that formerly given (6*121), but 
the specimen previously examined, although having a slightly lower 
specific rotation (13*2° 1*0571), had a higher density (d 15715* = 
0*67037), which would cause this.* 

* It was stated at the time that this density was higher than that usually 
given, and was supposed to be o-wing to the greater purity of the product; as, 
however, the boiling point, expansion, and specif 0 rotation were nearly identical 
with those of the new specimen examined, it seems probable that some slight error 
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Hexylene. Hethylpropylethyluie , CHj*CH 3 CH 2 *CH;CU*CH,j. 

This substance, when first fractionated, left a small quantity of 
what appeared to be a polymerized product; but, on raising the 
temperature, it exploded violently, destroying the apparatus. The 
specimen examined boiled at 68— 68**5°, corr. Hecht and Strauss 
(Annalen, 1874, 172, G2) give it as 67° at 7 37*9 mm. The density 
determination gave 

d 4°/4° 0 6966. d 15°/1 5° 0*6868. 

dl0°/10° 0*6911. d 20°/20° 0*6828. 

d 25725° 0 6790. 

Hecht and Strauss found 0*6997 for 0°, whilst the above calculated 
for this temperature gives 0 7001. 

The magnetic rotation, three times determined, gave 

t. Sp. rotation. Mol. rotation. 

15*6° 1*0991 7*473 

Octylene. Hexylethylene , CH 3 * [CH 2 ] 5 *CHICH 2 . 

The boiling point of the product examined was 122 — 123*5°, corr. 
The density determinations gave 

d 4°/4° 0 7321. d 15715° 0 7230. 

d 10710° 0*7268. A 20° /20° 0*7197. 

d 25725° 0*7167. 

The magnetic rotation, twice determined, gave 

L Sp. rotation. Mol. rotation. 

14*8° 1*0967 9*435. 

Diamylene. JDecylene. CioH^ 

Constitution not established. 

This was prepared by polymerizing amyleno and fractioning the 
product; it boiled at 154 5 — 155*5°. The density determinations 
gave 

d 4°/4° 0*7813. d 15715° 0*7734. 

dl0° /10° 0*7767. d 20720 0 0*7702. 

d 257*25° 0*7676. 

The magnetic rotation, twice determined, gave 

Sp. rotation. Mol. rotation. 

15*7° 1*1390 11*468.* 

had. been made m the density determination. If the old results be calculated with 
the new density the molecular rotation obtained is 6*194, a number very close to 
.that given above. 

* Otto Schonroek has measured the foregoing olefines, and for the first three, 

T 8 
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Diallyl, CH a :CH*CH 2 -CHrCH:CH a . 

For the specimen used in the following measurements, I am 
indebted to Mr. Lionel Jones. After being kept over sodium for 
some time, it boiled constantly at 59*1°, corr. The density determina- 
tions gave 

d 4°/4° 07052. ^ 15°/15 e 0*6952. 

d 10° /10° 0*6995* <2 20720° 0 6910. 

(2 25725° 0*6868. 

The magnetic rotation gave 

t. Sp. rotation. Mol. rotation. 

14*5° 1*2857 8*420. 

Dipro'pargyl, CH:C*CH 2 * CH 2 -C :CH. 

Mr. Lionel Jones also furnished me with this product, prepared! 
from the diallyl tetrabromide. Its boiling point was 85*4°. As this 
product changes rather quickly on keeping, it was rectified, under 
100 mm. pressure, immediately before the deteraaination of its rota- 
tion and density. The density determinations gave 

d 474° 0*8032. d 15715° 0*7930. 

(2107*10° 0*7973. (2 20720° 0*7888. 

d 25725° 0*7849. 

The magnetic rotation, once determined, gave 

t. Sp. rotation. Mol. rotation. 

14*8° 1-9100 10*435. 

Isoprene, CH/CHICH-CHICH* P 

I am indebted to Professor Tilden for two specimens of this hydro- 
carbon, one prepared from American turpentine and the other from 
india-rubber. Both were carefully distilled just before examination. 

1. Isoprene from turpentine. Boiling point, 36°, corr. Density 

(2 474° 0-6874. (2 10710° 0*6813. (215715° 0*6768. 

<2 20720° 0*6730. d 25°/25° 0*6696. 

The magnetic rotation, twice determined, gave 

t. Sp. rotation. Mol. rotation. 

17 6° 1*3606 7*615. 

2. Isoprene from india-rubber. Boiling point, 36 — 37°, coit. 
Density 

obtained numbers which are only slightly lower than those given in this paper. 
His results for diamylene, however, do not accord well with, the above (Zeit. 
jPfytteal CAem., 1893, 11, 757—758). 
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<1 474° 0-6856. d 10710° 0-6796. d 15°/15° 0-6748. 

<2 20°/20° 0-6705. <2 25°/25° 0-6663. 

The magnetic rotation, once determined, gave 

Sp. rotation. Mol. rotation. 

19° 1-8227 7-443. 

It will be seen from the above that the two specimens do not give 
•exactly the same results, the first having a slightly higher density 
and rotation than the second. The expansions by heat also are not 
quite identical, that of the first being the smallest. 



I. 

U. 

d 4°/4° 

0-6874 

0-6856 

d 25725° 

0-6696 

0-6663 

Diff. for 21° 

0-0178 

0-0193. 


An endeavour to determine which of these two samples was the 
purer was made by titrating them with a solution of bromine in 
glacial acetic acid, isoprene forming a tetrabromide as shown by 
Tilden ( ’ Ghent . News, 1882, 46, 120), but the results were not satis 
factory, the reaction is not quite definite, a little hydrogen bromide 
being formed, and probably some polymerization of the hydrocarbon 
taking place at the same time. The numbers obtained were — 

} 68 «* '«»*“• 
SSSSSSSHSL ■*— **• «' »— 

If the pure tetrabromide alone liad been formed, 320 would have 
.been taken up. 

The results show that the isoprene from turpentine unites with a 
somewhat greater amount of bromine than that prepared from india- 
rubber. Prom this observation, however, little can bo gathered, 
except that it shows that the two specimens wore not equally pur© ; 
at the same time, the face that the isoprene from turpentine combined 
with a larger amount of bromine, does not necessarily show that it 
was the purest, because it might contain an impurity absorbing a 
larger amount of bromine than isoprene itself. 

Under these circumstances it will perhaps be best to take the 
average of the results obtained with both specimens, namely 7*529, as 
the rotation of this hydrocarbon ; this is not likely to be far from the 
■correct number. 

On considering the foregoing results, it is seen that the olefines have 
very low densities, that of trimethylethylene at 15° being 0*6620, and 
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that of diamylene 0'7734 ; hut, notwithstanding this, their magnetic 
rotations are considerably higher than those o£ the corresponding 
paraffins. It is remarkable also that the boiling point s of the first 
three given above, correspond very nearly with those of the corres- 
ponding normal paraffins, although they are not analogous in constitu- 
tion, the boiling point of diamylene likewise does not differ much 


from that of diamyl. 

Pentane 36 2° 

Trimethylethylene 36*0 

Hexane 69*0 

^-Hexylene 68*2 

Octane 125*5 

Octylene 122 7 

Diamyl 159*5 

Diamylene 155*0 


With respect to the molecular magnetic rotations of the olefines, 
these, when compared amongst themselves, do not give any regular 
differences for variation in composition by CH a , because they are not 
similarly constituted, and therefore are not homologous. The follow- 
ing show what the differences are — 


Trimethylethylene. . . . 

j8-Hexylene 

Octylene 

Diamylene 


Mol. rotation. 
6*208 \ 
7*473 { 
9*432 { 
11*468 J 


Diff. for CBo. 

1*265 

1*959 -T- 2 = 0*979 
2*036 t2 = 1*018 


Considering that the first olefine in this table is a tri-, the second 
a di-, the third a mono-, and the fourth (according to JButlerow) a 
liexa-mcthyl derivative, these numbers are almost more closely 
related than might have been expected, and rather tend to show 
f hat the presence of the methyl group in olefines, does not affect the 
rotation so largely as it does in the paraffins. 

It is somewhat remarkable, that in the comparison of octylene with 
diamylene, considering the supposed constitution of tho latter, that 
the difference for CH 2 comes out very much the samo as in tho case 
of the paraffins, which is 1*023. The difference between hexyl one 
and octylene is only 0*044 less than the normal. That trimelliylothy- 
lene should behave differently from the other olefines is not stiange, 
because it does not contain a CH 2 group as all the othei*s do. So far 
as can be judged from these comparisons there is no reason for 
doubting that the difference for CH 2 between olefines of similar 
constitution is the same, as it is in the paraffin series. 

The relationship of the rotations of the olefines to thoso of the 
paraffins is of interest, as will be seen from the following tablo. 
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Substance. Mol. rotation. 

Trimethylethylene . . 6*208 1 

Pentane 5 630 J 

Hexylene 7*473 1 

Hexane 6*646 I 

Octylene 9*4321 

Octane 8*692 / 

Diamylene 11*4721 

Decane (cal.) 10*738 J 


Diff. for -II 2 . 

+0 578 
+0*827 
+0*740 
+0 734 


The first difference for nnsatnration by H 2 is somewhat analogous 
to the differences fonnd for vinyl compounds ; thus, for vinylic bromide, 
or brom ethylene, it amounts to only 0*369, and for methylvinylic 
bromide, or methylbromefchylene, it is 0*410 (Trans., 1884, 45, 568). 
The reason why trimethylethylene should behave differently from the 
other olefines has already been referred to. In reference to the other 
differences, they are smaller than are usually found in other series, 
the vinyl excepted, allyl displacements are the next lowest, being 
about 0*918, as in allylacetic acid, but the average difference is about 
1*112 (Trans., 1892, 61, 803). 

It is seen from the foregoing comparisons that it would be useful 
to have the rotations of several normal olefines for comparison so 
that their relationships to the paraffins might be established more 
clearly than is possible from those given above j nevertheless they 
probably give a fair idea of tbe subject. 

The special point of interest in connection with diallyl is that it is 
doubly unsaturated, or unsaturated to the second degree, the character 
of the unsaturated carbon groups being the same as in two ethylenes 
or two double linkings. In dipropargyl, the conditions are still more 
interesting, inasmuch as it contains two acetylene, or threefold link- 
ings (— C EE O—) and is nnsaturated to the fourth degree, and it is of 
importance to soe whether these two acetylene combinations act on 
the molecular rotations in a manner peculiar to themselves, or in the 
same way as might he expected from four doubly linked carbon groups, 
such as would exist if this hydrocarbon had the constitution 
0H;.C:0H-CH:0 :CH s instead of CH: 0* CHa*CH a *C:CH. In con- 
sidering this, it will bo necessary to compare the molecular rotations 
of the entire series of compounds, from hexane to dipropargyl, but 
before doing so it will also be interesting to compare the boiling 
points, densities, and specific rotations of these substances. 


Substance. 
Hexane ...... 

Hexylene 

Diallyl 

Dipropargyl. . , 


Boiling Bo inis. 
B. P. 

. ... 69*0° \ 

68*2 { 

59*1 { 

85*0 * 


Diff. 

—1 *0° for —Ha 

-U-8 „ 

+25*9 for -H 4 
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Densities. 


Substance. d 15715°. 

Hexane O' 6739 •) 

Hexylene 06868 { 

Diallyl 06952 { 

Dipropargyl 0-7930 / 


Diff. 

0-0129 for -H, 
0-0084 „ 

0-0978 for -H 4 


Substance. 

Hexane 

Hexylene 

Diallyl 

Dipropargyl . . . 


Specific Rotations. 


Sp. rotation. 

11° 0*9451 ■> 
15*6° 1-0991 { 
14-5 1*2857 { 
14-8 1-9100 / 


Diff. 

0-1540 for —H a 
0-1866 

0-6243 for — H* 


On compar in g the above it is seen that dipropargyl has a con- 
siderably higher boiling point, density, and specific rotation than 
diallyl, or either of the other two hydrocarbons. In the boiling 
points, the ethylene, or double linkings, and difference of composition 
cause a reduction, the second being much greater than the first, which 
is but slight; probably a third or fourth would reduce it much more, 
whereas the two acetylene, or triple linkings, and difference of com- 
position raise the boiling point nearly 26°. In the densities, the first 
double linking and difference of composition causes a rather larger rise 
than the second, which is bnt small, and therefore possibly a third 
or fourth would have a still smaller influence ; the acetylene linkings, 
however, act in the opposite manner, dipropargyl having a much 
higher density than any of the other hydrocarbons under considera- 
tion. The specific magnetic rotations give variations of much the 
same order as the densities, so that all these physical properties, 
taken by themselves, show that the acetylene linkings evidently 
influence the properties of compounds in a manner different from the 
double linkings. 

When, however, the molecular rotations aro considered, in which 
not only the specific rotations hut also the densities aro used in the 
calculations, the results are found to be of a different kind, thus — 
Substance. Mol. rotation. Diff. 

H* 


Hi 

These numbers when plotted out are found to bo practically in- 
cluded in a regular curve, as will be seen in Plate 1, where the 
abscissae refer to the degree of unsaturation and the ordinates tho 
molecular rotations, showing that the rotations gradually increase 


Hexane 6-646 \ 

Hexylene 7*473 { 

Diallyl 8*420 1 

Dipropargyl 10*435 J 


0-827 for - 
0-947 „ 

2-015 for - 
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with the unsaturation, no sudden change occurring befrw een diallyl and 
dipropargyl. This curve also gives a value for tho missing hydro- 
carbon, CJI 9 ; if this bo introduced, the progression of the numbers 
will be as follows. 


Substance. 


Mol. rotation. 


Hexane 

.... 6-646- 

Hexylene 

.... 7-473 

Diallyl 

.... 8-420 

c,h 8 

.... 9 - 400' 

Dipropargyl 

.... 10-436 


Diff. for — 

0*827 

0*947 

0*980 

1*035 


So that the two acetylene or triple linkings in propargyl affect its 
molecular rotation in the same manner as would be expected if there 
were four ethylene or double linkings. 

In the above comparisons, there is one inconsistency, inasmuch as 
the rotation of the hexylene is that of tho /3-compound and not that of 
the normal ; this makes it of interest to examine the latter, although 
probably its rotation would not be very different from that of its 
isomoride. 

As these results show that the effect of unsaturation on the 
rotations of these hydrocarbons progresses slightly with its extent, 
the first difference being 0*827 and the last 1*035, it may appeal 
that this is inconsistent with some of the results previously published, 
in which the opposite was shown to occur (Trans., 1884, 45, 
561 — 562, and 1886, 49, 212), but in these cases which refer to the 
ethylic allylmalonatcs and allylacetic acid, two unsaturated groups are 
associated with a single carbon atom, so that the results are not 
comparable. 

It is of interest to notice that tho rotation of dipropargyl is con- 
siderably lower than that of its ring isomeride, benzene, which is 
11*280, showing a difference of no less than 0*845. This interesting 
point will bo referred to in a future communication. 

Tho only otbor hydrocarbon to be considered is iboprene, this only 
differs in composition from diallyl hy CH 2 ; if, thereforo, tho value 
of this be added to its rotation, a comparison can be made. 


Mol. rotation of isopreno from tur- 
pentine H-CHjs 

Mol. rotation of isopreno from 
india-rubber 


7*615 + 1*023 = 8*638 
7*443 + 1*023 = 8*466 


Mean 8*552 

The rotation, of diallyl is 8*420, and it will bo observed that the 
product from india-rubber is the nearest to this; as isoprene is, 
however, not believed to be a true isomeride of diallyl, it probably 
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would not give a rotation differing from that of the latter by exactly 
the value of CH 3 . It will be better, therefore, to keep to the average 
value of the two products for the present, as previously proposed; 
this will make the rotation relatively a trifle higher than that of 
diallyl. The position of the rotation of this hydrocarbon, plus the 
value of CH 2 , in reference to the curve formed by the C 6 compounds, is 
given on the Plate (p. 262). The foregoing comparisons go to show 
that the rotation found for isoprene is probably near the truth, and 
is consistent with that of a hydrocarbon unsaturated to the second 
degree. 


XXXIII. — fifi-Meth ylethylprOjpiotuc acid, 
°j*3>CHCH s -CQOH. 

By W. H. Bentlly, B.Sc. 

Durixg the course of experiments which are being carried on in the 
laboratories here, on the action of fused potash and soda on camphoric 
acid, various fatty acids have been obtained, and in order to determine 
their constitution, it was necessary to synthesise certain fatty acids 
hitherto unknown. At the suggestion of Dr. Perkin, I under- 
took the synthesis of ^-methylethylpropionic acid, and to study 
its properties. Methyl ethyl ketone was chosen as the starting point, 
and this was first reduced to methylethylcarbinol by the action of 
sodium on its moist ethereal solution, and the alcohol then converted 
into secondary bntylic iodide, CHa'CHPCiiHs, by tho action of iodine 
and phosphorus. This iodide, when treated with ethylic sodioraalonato, 
is readily converted into ethylic secondary butylraalonato, 

^>OHI + CHNa(COOEt) 2 = ^J^OH-CHCOOOm), + Nal, 

which, on hydrolysis and subsequent distillation, yields ^-methyl - 
etbylpropionic acid, thus — 

C 3 H 3 >CH-OH<ggg| = C C J:>OH-CH J -OOOH + 00. 

From the pure acid, which boils constantly at 196°, the following 
derivatives were prepared. 

Ethylic salt, O^n-OOOCsHs h, p. 157 — 158°. 

Amide, C fi H lx *CO’NII 2 m. p. 125°. 

Anilide, CsHu-CO-NH-OsHa „ 88°. 

Paratoluidide, C 5 K n 'OO m j^’E.-C 1 ll 7 .... „ 75°. 

Ifethyl ethyl ketone, CH 3 *COCaH 5 . — This was prepared by Becking’}* 
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method (Annalen, 1880, 204, 17), by the hydrolysis of otliylic methj 1- 
acotoacetato, by boiling it with one-fourth its weight of dilute sul- 
phuric acid (20 per cent.) for six hours in a flask provided with a 
reflux condenser. Tho whole was then distilled in a current of steam, 
the distillate mixed with potassium carbonate, extracted several times 
with ether, and the ethereal solution washed successively with small 
quantities of water to remove alcohol ; it was then dried with calcium 
chloride, and the fraction boiling at 80 — 82° collected. 

Secondary Butyl Alcohol; Methylethylcarbiml , OH 3 *OH(OH)*CsHs- — 
The action of sodium amalgam on aqueous solution of the ketone 
gave such a small yield of methylethylcarbinol that this method was 
abandoned in favour of the following. The ketone was dissolved in 
five times its volume of ether, poured on to a strong solution of caustic 
soda contained in a bottle fitted with a reflux condenser, and small 
pieces of sodium were then dropped into the mixture; the white 
substance, which separated during the reduction, probably the sodium 
compound of the alcohol, was decomposed by the addition, from time 
to time, of small quantities of water, and the whole was kept cool by 
immersing the bottle in water. When about twice the theoretical 
quantity of sodium had been added, the ethereal solution was 
separated from the caustic soda, dried with potassium carbonate, and 
fractionated. The unreduced ketone was put back again into the 
bottle and treated with more sodium, whilst the fraction 96 — 110°, 
consisting chiefly of the alcohol, was carefully fractioned, the portion 
boiling at 98 — 103° being employed in the subsequent experiments ; 
the boiling point of methylethylcarbinol, according to Lieben ( Annalen , 
1869, 150, 114), is 99° (738*8 mm.). 

Secondary Butylic Bromide, CH 3 *CHBr'QiH 8 . — This substance, which 
does not seem to have been previously examined, was prepared by 
heating the alcohol with three times its volume of fuming hydro - 
bromic acid for one hour in a reflux apparatus, a stream of hydrogen 
bromide being passed through the liquid during tho operation. Oit 
adding water to the product, tho bromide separated as a heavy oil. 
After drying over calcium chloride and fractionating, it boilod 
constantly at 89 — 90° and gave the following numbers on analysis. 


Found Br = 58*62 

Theory for G 4 H 9 Br 58*39. 


Secondary Butylic Iodide , CHs’CHTCaHg, has been obtained from 
orythrol (De Luynes, Bull. Soc . Oldm 2, 3), from ethyldichlor- 
ether, CaII 8 Cl (Calls) 0'CaH fi (Lieben, Annalen, 150, 96), and from 
normal butylene (Wurtz, Annalen , 1869, 152, 23), in each case by the 
action of hydriodic acid. As the result of several experiments, I found 
that the simplest way of preparing it was by treating secondary butyl 
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alcohol with, iodine and phosphorus in the usual way. To the mixture 
of the alcohol (65 grams) with red phosphorus (10 grams), iodine 
(111 grams) was added in small quantities at a time. After standing 
for some time, the whole was heated in a reflux apparatus, distilled, 
and the distillate washed successively with a dilute solution of sodium 
hydrogen sulphite, and with water ; it was then dried with calcium 
chloride and fractionated. The pure iodide is a colourless liquid 
boiling at 118°, the yield was almost quantitative. 

JUtfoylic Secondary Butylmalonate, (CHj)(C 2 H 0 )CH , CH(COOEt) 2 . — 
In the first experiments made with the object of obtaining this com- 
pound, the bromide was employed ; sodium (9 grams) was dissolved 
in alcohol, ethylic malonate (62 grams) added, and the mixture 
digested with secondary butylic bromide (53 grams), until the 
reaction was neutral. On adding water, extracting with ether, and 
distilling the washed and dried ethereal solution, the oily residue 
left when the ether had passed over distilled between 195° and 198°, 
and on examination was found to consist entirely of ethylic malonate. 
The bromide had evidently been decomposed into an unsaturated 
hydrocarbon and hydrogen bromide ; and the latter, acting on the 
ethylic sodiomalonate, gave sodium bromide and ethylic malonate ; this 
behaviour appears to be by no means uncommon, several other 
instances of a similar character having been observed here. 

Subsequent experiments showed that secondary butylic iodide 
behaves in this respect quite differently from the bromide, as when 
digested in alcoholic solution with ethylic sodiomalonate, a very good 
yield of ethylic secondary butylmalonate is obtained. 

Sodium (16 grams) was dissolved in ethylic alcohol (170 grams), 
ethylic malonate (109 grams) added, and the whole digested with 
secondary butylic iodide (125 grams) for two hours. The neutral 
product was cooled, diluted with 3 vols. of water, extracted with 
ether, and the ethereal solution distilled after being washed with 
water and dried with calcium chloride ; the residue left, after the 
ether had passed over, was twice fractioned. The pure ethylic 
secondary butylmalonate thus obtained boiled at 228 — 231°, and, on 
analysis, gave the following results. 

Found 0 = 60*54 ; H = 9*21 per cent. 

Theory for OuRA 0 = 61-11; H = 9*26 „ 

Secondary Butylmalonic add , cS> CH-CH(COOH) a .— In order 

to prepare this acid, the purified ethereal salt was boiled with an 
excess of alcoholic potash for two hours, the product diluted with 
water, and evaporated until all the alcohol had been removed. 
The solution was then acidified and extracted with ether, and the 
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ethereal solution, after drying over calcium chloride and evaporating, 
deposited a thick, oily acid ; this, on standing, commenced to crys- 
tallise. The crude acid, which undoubtedly consisted of secondary 
butylmalonic acid, was not analysed, however, but directly converted 
into /SjS-methylethTipropionic acid. 

Pp.Methylethyljoropionic acid , ^g 3 >CH'CH a *OOOH. 

This acid is formed quantitatively by heating secondary butyl- 
malonic acid in a retort until the evolution of carbon dioxide ceases, 
and then distilling the residue. It is an unpleasant smelling liquid, 
which boils at 196° under a pressure of 764 mm., and possesses 
properties very similar to those of caproic acid. 

0*1500 gave 0*3416 C0 2 and 0*1*38 H a O. C = 62*11 ; H = 10*65. 

CbHjjjC^ requires 0 = 62*07 ; H = 10*35 per cent. 

The following derivatives of this acid have been prepared and 
examined. 

JSthylic Salt , OH(OH 3 )(C a H 5 )-OH a 'COOC a H 5 . — This was prepared 
by passing dry hydrogen chloride into a cooled solution of the acid 
in ethylic alcohol ; when the liquid was thoroughly saturated with 
the gas, it was allowed to stand for a considerable length of time, 
and then again saturated. After 24 hours, the product was poured 
into water, the ethylic salt extracted with ether, &e., in the usual 
way, and the oily residue purified by fractionation. 

Ethylic $8-methylethylpropionate is a colourless liquid, which 
boils constantly at 157 — 158°, and has an odour resembling that of 
the ethereal salts of the higher fatty acids. On analysis, the follow- 
ing result was obtained. 

Found C = 66*68 ; H = 11*36 per cent. 

Theory for C 8 H J6 0 2 . C = 66*66 ; H = 11*11 „ 

The Amide^ 0H(GE^)(C a H 6 )*0H a *001SrH a . — The ethylic salt, with 
three times its volume of concentrated ammonia solution, was heated 
at 170 — 180° for 10 hours in a sealed tube. When cold, the contents 
of the tube wore still liquid, but, on shaking, needle-shaped crystals 
separated; these were collected by aid of the pump, washed with 
concentrated ammonia, and dried on a porous plate. The mother 
liquor, on extraction with ether, yielded a considerable quantity of 
the amide, but the extraction had to be repeated at least 10 times on 
account of the great solubility of the amide in the aqueous liquid. 
The ethereal solution, after being dried with calcium chloride, was 
evaporated to a small bulk on the water bath, poured into a basin 
and put aside to crystallise. The amide, after drying on a porous 
plate, was analysed. 
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Found N = 11*86 per cent. 


Theory for 0 3 H u -C0NH 3 1ST = 12*17 „ 

The amide melts at 125° and crystallises from water, ether, or 
benzene in plates. It is readily soluble in warm water, benzene, and 
alcohol, sparingly so in pure ether or light petroleum. 

The anilide, CHfCHs) (C 3 H 5 )-CH 2 *CO’]SrH’C 6 H 5 , was prepared by 
boiling a mixture of the acid with aniline for 20 hours in a flask 
fitted with a reflux tube. When cold, the contents of the flask were 
dissolved in ether, the solution washed with hydrochloric acid to 
remove aniline, then with water, dried with calcium chloride, and 
evaporated. The dark-coloured, solid residue, after purification by 
repeated recrystallisations from light petroleum with the aid of 
animal charcoal, yielded a colourless, crystalline product, which 
melted at 88°, and gave the following results on analysis. 

Found IT = 7*3 per cent. 

Theory for CsHu-OO-NH-OaHe 1ST = 7*32 „ 

This anilide is very readily soluble in benzene and alcohol, but only 
sparingly in water or cold light petroleum. When heated in small 
quantities, it distils without decomposition. 

The paratoluidide , CH(CH 3 ) (C 2 H5)*CH 2 *C0*1TH*C7H7, was pre- 
pared and purified in precisely the same manner as the anilide, with 
the exception that the mixture of the acid with the paratoluidine 
was heated for a shorter time (about 15 hours) on account of the 
higher boiling point of toluidine. Analysis. 

Found - IT = 6*97 per cent. 

Theory for CsHu-CO-ITH-OJB^-CH, ... N = 6*83 „ 

This toluidide crystallises from light petroleum in needles, and 
melts at 75° : in its general properties it closely resembles the corre- 
sponding anilide. 

Chemical Laboratories, 

Owens College , Manchester . 


XXXIV . — Volumetric Estimation of Manganese . 

By Joseph Eeddrop and Hugh Bamage. 

Methods previously employed . 

The number and nature of the processes for determining manganese 
in ores, irons, steel, and alloys proposed during receut years show the 
importance of a rapid and accurate method for the determination of 
this element. 
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The gravimetric process, so generally described in books, takes 
several boars, and requires almost constant attention ; further, the 
results given by it are liable to be interfered with by the presence of 
nickel, copper, and certain other elements, which are co-precipitated 
with and generally weighed with the manganese oxide. When these 
foreign substances are previously removed, and the manganese 
weighed as pyrophosphate, there may be considerable error, unless a 
correction is made for the solubility of the ammonium manganous 
phosphate ; moreover, the analysis is very long and tedious. 

Pattinson’s volumetric method is more accurate and much shorter 
than the gravimetric method, but appears to have given different 
results in different chemists’ hands. We have found it an accurate 
and in most respects a satisfactory process, but it is not well adapted 
tor determining small quantities; considerable time is required to 
wash the precipitate in the case of large quantities, and the titra- 
tion with potassium dichromate is somewhat tedious ; moreover, the 
fumes from the bleaching powder or bromine water employed are 
decidedly objectionable. Further, nickel, cobalt, copper, and, to a 
much greater extent, chromium, interfere and cause inaccuracies 
(Jour. Soc. Ohem. Ind 1891, 333). 

The lead peroxide colorimetric process is very useful and accurate 
for determining quantities of manganese up to about 2 per cent., as 
in steel and iron directly, and also in alloys after the separation of 
the other metals. 


Proposed Method. 

As one of us had for a long time sought for a rapid and accurate 
method of analysis applicable to steels and ferromanganese, and bad 
experimented with the different processes proposed, although without 
discovering anything satisfactory, a method proposed by L. Schneider 
(Diugl. Polyi. 269 , 224) promised so well that a study of it was 
made jointly by us in 1890. After introducing some modifications, 
which, as will be seen from our experiments, add to the accuracy of 
the process, we can now, after four years’ use, recommend it as a 
thoroughly trustworthy method for the determination of manganese. 
It is much shorter even than Pattinson’s process, as, after the dis- 
solution of the sample is effected, the result may be obtained in less 
than 15 minutes. 

Schneider’s method depends primarily on the fact that in presence 
of a large quantity of nitric acid a manganous salt is rapidly and 
completely oxidised to permanganic acid by bismuth tetroxide at 
the ordinary temperature. The solution is then filtered through an 
asbestos filter, and the permanganic acid titrated with a standard 
solution of hydrogen peroxide. 
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The method is very simple in principle, but we soon discovered 
that, unless modified, serious errors might be introduced ; with tho 
modifications we propose, however, the quantity of manganese can bo 
determined to within 0 05 milligram. 

Reagent* used in the Analysis . 

The necessary reagents are — 

Standard 27/10 potassium permanganate. 

5E* nitric acid. 

Hydrogen peroxide, approximately 27/10. 

Sodium bismuthate. 

j Standard 27/10 Potassium Permanganate . — It is stated by some 
chemists that this reagent decomposes too rapidly for regular use, 
but we have found that if prepared from the pure salt this is not the 
case. A solution made in March of last year was carefully titrated 
six months later, when the 2-litre bottle was nearly empty, and the 
error was 0'15 c.c. per 100 c.c. The salt and the water employed 
must be absolutely free from chlorine. The solution is made by dis- 
solving 3*16 grams of the pure salt in water, and diluting to 1 litre ; 
as thus made, it is quite accurate. When not in use it should be kept 
in the dark. 

Preparation of SB Nitric acid . — Take 310 c.c. of pure, colourless 
nitric acid of sp. gr. 1*42, dilute to 1 litre, and allow it to stand 
exposed to the air for at least 24' hours, so that the nitrous acid may 
be oxidised. 

Hydrogen Peroxide , approximately 27/10. — Hydrogen peroxide in 
aqueous solution decomposes on keeping, but we find by experi- 
ments (given below) that when dissolved in nitric acid of about 
normal strength it remains almost constant, there being no appre- 
ciable change in a week, even when quantities of from 50 to 100 c.c. 
are titrated. 


* The symbol “ E ” used in this paper is a contraction of the word “ equh dent ” 
and is employed to denote the number of milligram equivalents of reacting sub- 
stance contained in 1 c.c. of reagent. Thus, E nitric acid contains G3 milligrams 
HN0 3 per c.c., 4E nitric acid 4 times this quantity, 16E acid 16 times this 
quantity, and so on. 16E nitric add has the sp. gr. 1*4268 at 15*5° C., but the acid 
sold as sp. gr. 1'42 is employed in all cases as being sufficiently near to the true 
sp. gr. for our purpose. The dilute acids are made by simply diluting 16E acid 
with water to the requisite degree. It will thus be seen that E reagents arc made 
on the same principle as the NT reagents in volumetric analysis, the only difference 
being in the degree of accuracy with which they are made and measured out for 
use. See Chem. News, 1890, 61, 245. 
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Titrated. 

10 5 90. 

Titrated. 

18 6 90. 

I Titrated. 

1 20; 7/90. 

10 c c. of KMnOj required of hydrogen 
peroxide, diluted with water 

9 8 c.c. 

10*9 e.c. 

12*1 c.c. 

10 c c. of KMn0 4 required of hydrogen 
peroxide, in E/10 nitric acid ....... 

9 9 „ 

10*0 „ I 

I 10-26 „ 

10 c.c. of KMn0 4 required of hydrogen 
peroxide, in E nitric acid 

99 „ 

9-9 

100 „ 


All the samples of hydrogen peroxide which we have obtained com- 
mercially have been contaminated with chlorides, and this probably 
accounts, to some extent at least; for the slow decomposition which 
takes place in the above nitric acid solution. The presence of chlor- 
ides in the hydrogen peroxide is very objectionable, and if it amonnts 
to more than traces it interferes with the accuracy of the results. 

We therefore prefer to prepare the hydrogen peroxide absolutely 
free from chlorine in the following manner. 

Take 3‘9 grams of sodium peroxide free from chlorides, and add to 
500 c.c. of water, then add 220 c.c. of 5E nitric acid, and dilnte to 
about 800 c.c. ; the solution will be found to be somewhat too strong. 
It may then be titrated with standard N/ 10 permanganate, and 
adjusted to exactly 1N/10 hydrogen peroxide if desired. 

Sodium Bismuthate — Schneider uses bismuth peroxide prepared hy 
Fremy’s method, as follows : — Equal parts of bismuth oxide and potas- 
sium chlorate are first heated together, and then fused with two parts 
of caustic soda. The fused mass is lixiviated with water, and the 
insoluble powder, containing soda and bismutbic acid, is finally 
treated with water containing 5 per cent, of nitric acid, washed, and 
dried at 100°. As this powder retains some chlorine compounds 
which interfere with the accuracy of the analysis, we do not recom- 
mend this method of preparation. We employ the sodium bismuthate 
prepared without the me of any chlorine compound . The preparation 
of this salt with a maximum oxidising power has given us consider- 
able trouble, but we have succeeded at last by heating 20 parts of 
caustic soda nearly to redness in an iron crucible, and adding in small 
quantities at a time 10 parts of basic bismuth nitrate, previously 
dried in a water oven. Two parts of sodium peroxide are then 
added, and the brownish-yellow fused mass is poured out on an iron 
plate to cool ; when cold, it is broken up in a mortal*, extracted with 
water, and collected on an asbestos filter. The residue, after being 
washed four or five times by decantation, is dried in the water oven, 
then broken up, and passed through a fine sieve. We hope to com- 
municate a detailed account of our work on the preparation in a 
second paper. Our crucibles were made of Famley iron, as tliis con- 
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tains only a trace of manganese ; this does not now seem to be of any 
importance, however, as any manganese present in the materials 
employed is converted into sodium permanganate by tlie fusion with 
excess of sodium peroxide, and is afterwards dissolved and removed 
by the water, thus leaving the sodium bismuthate free from manga- 
nese. 

Oxidising Power of the Sodium Bismuthate . — This may be deter- 
mined by adding 20 c.c. of the hydrogen peroxide solution to about 
0*25 gram of the sample, and, when dissolved, titrating the excess oi* 
hydrogen peroxide with 17/10 potassiam permanganate. One gram 
of oar preparation has an oxidising power equal to 60 c.c. of N/10 
reagent. Different batches of the preparation vary slightly in 
strength. 

The Asbestos Filter . — This may be made in the tube form generally 
used, but we prefer the Gooch cone, as described in Chem. News, 
1878, 37, 181, and in Blair’s Analysis of Iron , p. 26, Fig. 20. It may 
be prepared and washed in about a minute, and may be used several 
times before it becomes blocked. The asbestos is prepared by tritu- 
rating the fibres in a mortar with strong hydrochloric acid, and, 
after transferring to a beaker, heating on a water bath for half an 
hour. The portion that remains longest in suspension when the 
deposit is stirred up with water makes the closest filter, but as the 
residual bismuth peroxide is comparatively coarse, a satisfactory and 
more rapid filter may be made by selecting the coarser asbestos for this 
purpose. This must be washed thoroughly free from hydrochloric acid. 

Foies on the Method. 

Schneider after oxidising the manganese in a 5E nitric acid solu- 
tion, filters and titrates with hydrogen peroxide, but we found that 
the permanganic acid decomposed even in an E nitric acid solution, 
and that the rate of decomposition increased with the strength of the 
acid as shown in Table I. 


Table I. — Experiments to Determine the Bate of Decomposition of JV/10 
Permanganate in Nitric acid of from E to 5 E Strength , on Standing 
Three Sours , 20 c.c. of Solution being used in each case. 


Strength of nitric 
acid. 

Decomposition of 
permanganate 
per cent. 

E 

35 

2E 

4*0 

3E 

4*25 

403 

5*5 

6E 

6*5 
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We then made experiments to ascertain the rate of the decomposi- 
tion, under the conditions realised in the analysis. The filtrate con- 
taining the permanganic acid resulting from the treatment of 0‘11 
gram of ferromanganese containing about 80 per cent, of manganese 
was diluted to 250 c.c. and portions were titrated as follows. 


Table II. 
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Particulars ok 'jhe Analysis. 

I. Ferromanganese (containing over 20 per cent, manganese). 

Dissolution of sample . — Weigh out 0*55 gram, place in a flask ol 
about 200 c.c. capacity, add 15 c.c. of dilute nitric acid (5E) and boil 
until the sample is decomposed, then add 15 c.c. of nitric acid sp. gi\ 
1-42, and boil until the carbonaceous matter dissolves, cool, transfer to 
a 250 c.c. measuring flask, dilute to the mark, and mix. 

Oxidation and Titration. — Pleasure out 20 c.c. of nitric acid, 1*42, 
15 c.c. of water, and exactly 50 c.c. of the ferromanganese solution. 
Cool to about 16° C., add 4 grams of sodium bismuthate, stir for three 
minutes, and allow the residue to settle for two minutes. Filter 
through an asbestos filter, connected with a filter pump, into a flask 
containing 90 c.c. of the hydrogen peroxide reagent, and wash the 
residue with dilute nitric acid until the washings are colourless* 
Titrate the excess of hydrogen peroxide with NT/ 10 potassium per- 
manganate, stopping at the point where a drop colours the liquid 
for at least 30 seconds. Each c.c. of N/10 hydrogen peroxide 
reduced by the filtrate is equal to 1 per cent, of manganese in the 
sample. 

Titration of the Hydrogen Peroxide. — The 90 c.c. of hydrogen peroxide 
used above may be conveniently measured with a 30 c.c. pipette, and 
its strength determined by titrating GO c.c. (measured with the same 
pipette) with N/ 10 potassium permanganate after adding 25 c.c. of 
5E nitric acid, free from nitrons acid. 

II. Spiegel and Silico- Spiegel (containing up to 25 per cent, of 

manganese). 

Dissolution of Spiegel.-— Treat 0*55 gram as in the case of ferro- 
manganese, with 15 c.c. of 5E nitric acid, but use only 10 c.c. of the 
stronger acid, and dilute the solution to 50 c.c. 

Dissolution of Silico- Spiegel. — Boil 0*55 gram very finely powdered, 
in 20 c,c. of dilute sulphuric acid (5E) ; if only a very small residue 
remains, decant the clear solution and boil the residue with 6 e.e. of 
fresh acid until dissolved. If the sulphuric acid does not attack the 
sample readily, add some strong hydrochloric add ; when tho sample 
is dissolved, add 1 c.c. of sulphuric acid of sp. gr. 1*84, and boil down 
to decompose all the chlorides and completely expel the hydrochloric 
and, then add water and dilute to 50 c.c. 

Oj idation and Titration. — The manganese is oxidised by adding 
2 grams of sodium bismuthate to a liquid containing : 
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Spiegel. 

Silico-spiegel. 

/If tli a n.Hnvp Hnliifcinn .......... 

AC'S t&iM' 

10 c.e. 

Nitric acid 1'4p2 


10 „ 

Water - . . . 

i<, rttl 

20 „ 


HH 1 


The nitric acid in each is 4E, and the sulphuric acid in the silico- 
spiegel E/2. The filtrate is run into 25 c.c. of hydrogen peroxide 
solution, and the excess of the latter titrated as in the ferro- 
manganese. 

In the analysis of ferromanganese and spiegel, 0T1 gram of sample 
may be weighed out directly if preferred, but care must be taken to 
avoid the slightest loss. 

III. Wrought Iron, Steel , and Pig Iron (containing less than 5 per 
cent, of manganese). 

Dissolution of sample . — Weigh out 1*1 gram of the sample, and place 
it in a boiling tube LJ- inches in diameter ; add 30 c.c. of dilute nitric 
acid (5E), and boil. If a part remains undissolved, decant the solu- 
tion, filtering off the carbonaceous matter if necessary, and add more 
dilute nitric acid up to 25 c.c. If the sample dissolves completely at 
once, use the 25 c.c. of acid to wash the tube and filter paper. If the 
sample contains much silicon, care must be taken when boiling not to 
concentrate the acid, or the silicic acid will separate in a form which 
completely blocks the filter. 

Oxidation and Titration . — Cool to about 16°, oxidise with 2 grams 
of sodium bismuthate, and filter into an empty flask. The time of 
filtration should not exceed 15 minutes.* A slight excess of hydrogen 
peroxide is now added, and the excess titrated as in the preceding 
analysis.f Each c.c. of ET/IO hydrogen peroxide reduced by the 
sample is equal to 0*1 per cent, of manganese. 

Experiments made to test the accuracy of the method . 

A quantity of ferromanganese was powdered, mixed, and used as a 
standard. Two determinations of the manganese in this sample by 

* The large quantity of feme nitrate in the filtrate tends to the decomposition 
both of permanganic acid and hydrogen peroxide, tlio latter less than the former. 
Where a very accurate result is desired, the analysis should be completed without 
unnecessary delay. 

f If the quantity of manganese appears less than 0*1 per cent., transfer the 
filtrate to a Nessler cylinder, and determine the manganese colorimetrically by 
adding N/10 permanganate to an equal volume of 5E nitric acid in another cylinder 
for comparison. By this method as small a quantity as 0 01 per cent, of manganese 
may be estimated. 
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the ordinary gravimetric method gave 80*95 and 81*04 per cent, 
respectively. The precipitates however contained oxides of iron, 
copper, and nickel, corresponding to 0*37 per cent of manganese, but 
were free from silica. Deducting these impurities, we get 80*58 and 
S0‘67 per cent, of manganese respectively, giving a mean result of 
80*63 per cent. Three determinations of manganese by Pattin son’s 
method gave 80*7 per cent, in each case. 

The determinations made by the method under examination show 
that it gives results agreeing with the above, and also that within 
wide limits the result is not affected by the extent to which the solu- 
tion is diluted during oxidation and titration. 


Standard 

ferromanganese 

taken. 1 

I » 

1 Volume 

of solution when 

i oxidised. 

1 » 

1 

Result. 

Mu. per cent. 

O'll gram. 

i 

20 c.c. 1 

80-67 

o-u „ 

40 „ . 

80-69 

Oil „ 

80 „ | 

80*69 

on „ 

160 „ 

80 *G4 


The strength of the nitric acid was 4E in each experiment, but in 
the first a quantity of acid equal to that neutralised by the sodium 
bismuthate was added in excess of that required to make the solu- 
tion 4E. 

A determination made by Schneider’s original method gave 80*07 
per cent., showing the error caused by the decomposition of the per- 
manganic acid during filtration. 

In an experiment made to test the effect of sulphuric acid, 0*11 
gram of ferromanganese, oxidised in 80 c.c, of 4E nitric acid, and 
E sulphuric acid, gave 80*72 per cent, of manganese. When oxidised 
in 80 c.c. of 4E sulphuric acid, with no nitric acid, the result was 
only 73*1 per cent. 

The following experiments show the accuracy of the method m 
determining small quantities of manganese. 

To a solution of 1*1 gram of steel containing 0*075 per cent, of 
manganese, 6*465 per cent, of manganese was added, making the 
total quantity of manganese equal to 6*54 per cent. The quantify 
found was 6*48 per cent. 

In a second experiment with steel, in which manganese equal to 
1*00 per cent, was present, 0*99 per cent, was found. 

In a third experiment with steel, in which 0*1 per cent, was present? 
0*085 per cent, was found. 
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The following experiments were made to test the extent to which 
the metallic impurities, liable to be present in manganese alloys, 
interfere : — 


Standard ferromanganese 

„ ,, with chromium equal to 5 per 

cent, added 

„ „ „ copper equal to o per 

cent, added 

„ ,, ,, nickel equal to o per 

cent, added 

„ „ „ cobalt equal to 5 per 

cent, added 


Per cent, 
gave 80*69 

„ 80*97 

„ 80*77 

„ 80*77 

„ 80*97 


We also observed that sodium bismuthate when added to a nitric 
acid solution of a salt of chrominm, very slowly but completely 
oxidised the chromium to chromic acid. 


In the analysis of ores, &c., of manganese, it will he necessary to 
make a 4B nitric acid solution of the sample free from chlorides, and 
containing not more than E sulphuric acid. The analysis may then 
be made in a manner similar to those already described. 

In conclusion we desire to acknowledge our indebtedness to Mr. 
E. W. Webb, Superintendent of the L. and JST.W. Railway Works at 
Crewe, for his kind permission to carry out the above experiments 
in the laboratory connected with the works. 

Laboratory , London and North Western 
Railway, Grewe . 


XXXV . — The Sulphides and Pohjsulphides of 
Aniuwnium. 

By W. P. Bloxam, B.Sc. (Loud.), Royal Naval College, Greenwich. 

I. Oxidation Changes of A mmonium Hydrosuljjhide, 

It is a matter of common experience that the laboratory reagent 
known as ammonium hydrosulphide or ammonium sulphide is subject 
to change on contact with air. The solution prepared by saturating 
aqueous solution of ammonia with hydrogen sulphide is colourless at 
first, but, on exposure to air, it soon acquires a yellow colour, due to 
polysulphides ; on adding an acid, this solution is decolorised, hydro- 
gen sulphide being evolved, and sulphur deposited. On prolonged 
exposure to air, the yellow solution loses its colour and deposits 
sulphur. 
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My attention was first directed to the oxidation changes of ammo- 
nium hydrosulphide by the failure of a yellow solution to precipitate 
manganese sulphide on adding it to an aqueous solution of manganous 
sulphate; the solution was reserved for examination, but, on the 
following day, it was found to be colourless. 

Two distinctly different views have been held as to what takes 
place during the oxidation. According to the one view, part of the 
ammonium hydrosulphide is decomposed by oxidation, yielding am- 
monia, water, and sulphur; of the latter, one portion acts on the 
remaining ammonium hydrosulphide to form ammonium bisulphide ; 
another portion is oxidised, forming a thiosulphate, whilst the 
remainder is deposited. The other view assumes that ammonium 
hydrosulphide is directly oxidised with formation of ammonium 
bisulphide and thiosulphate in molecular proportion, sulphite and 
sulphate being formed when the solution becomes colourless. 

The first point was to determine what ammonium compounds, 
other than sulphide and polysulphide, were present, and this involved 
the removal of sulphide and polysulphide, and the recognition in the 
filtrate of sulphite, thiosulphate, and sulphate. A scheme for sepa- 
ration is given by Fresenius ( ce Chemical Analysis — Qualitative, 
translated by C. E. Groves from the 15th German Edition,” p. 194), 
but it was found to require modification before successful results 
could be obtained, owing to the difficulty of removing the last traces 
of hydrogen sulphide. An account of the modified method of analysis 
will appear in another journal. The experiments made showed that 
during tbe oxidation of ammonium hydrosulphide solutions traces of 
ammonium sulphite are always present, but that sulphate is not 
formed, ammonium thiosulphate being the end product. 

These changes may be explained as follows : — In the first stage, 
polysulphide alone is formed, for after removal of sulphide and poly - 
sulphide by means of cadmium carbonate, the filtrate is free from 
oxidised sulphur compounds. 

At the surface of the liquid some of the aqueous solution of ammo- 
nium hydrosulphide is resolved into ammonia, water, and hydrogen 
sulphide, the latter undergoing oxidation and yielding water and 
sulphur. This sulphur then acts on ammonium hydrosulphide, 
forming polysulphide and liberating hydrogen sulphide, the action 
continuing until the highest polysulphide mixture possible for the 
concentration is formed. This constitutes the first stage of the 
action, the maximum colour being developed, and the solution being 
free from oxidised sulphur. It is not possible to state with certainty 
whether one polysulphide or a mixture is obtained, but the results of 
experiments, to be described later, prove that, even when dilute solu- 
tions of ammoninm hydrosulphide are acted on by sulphur, high 
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polysulphides are formed from the first. There is not the slightest 
ground for supposing ammonium bisulphide to be formed. 

In the second stage, the polysulphides are acted on by oxygen, 
sulphur being liberated. 

(nh 4 ) 2 s,s* + o = 2 nh 3 + h 2 o + as.. 

In the third stage, the sulphur acts on ammonia as follows : — 

4NH 3 + 4H 2 0 + S 8 = (NH«)iSO, + 2NH/HS + JBT a O, 

resulting in the production of ammonium sulphite and hydro- 
sulphide. 

In the fourth stage, it will be observed that there are now two modes 
in which the sulphur may combine, namely, by union with ammonium 
sulphite, thereby transforming it into thiosulphate, or by acting on 
the ammonium hydrosulphide whereby more polysulphide is formed. 

The absence of ammonium sulphate as an oxidation product is the 
more remarkable when the great affinity exhibited by ammonium 
sulphite for oxygen is considered. Experiments with the salt,* 
2(NH 4 ) 2 S0 3 + 3B>0, show that when moist it is rapidly transformed 
into sulphate in contact with air, much heat being evolved. On the 
other hand, the affinity of ammonium sulphite for sulphur is great, 
i\ solution of the salt dissolving sulphur with great rapidity, whilst, if 
crystals of the sulphite be added to a polysulphide solution, the latter 
is decolorised, the sulphite becoming thiosulphate at the expense of 
the polysulphide. Seeing that amnionic sulphite exhibits great 
affinity for both oxygen and sulphur, whilst as an experimental fact 
no sulphate is formed, it may be possible that the sulphite acquires 
the sulphur necessary to transform it into thiosulphate from polysul- 
phides present in solution. 

With a view to test the above explanation, experiments were made 
on the action of sulphur on ammonia solution. It was found that in 
nn open vessel strong ammonia solution is not acted on by finely 
powdered sulphur, even if the solution be boiled. But if ammonia 
solution be heated with sulphur in a sealed tube in the water hath, 
action takes place; a solution of polysulphide, of colour intensity 
increasing with the strength of the ammonia, is obtained, and the 
solution contains ammonium thiosulphate, but no sulphate, and only 
traces of salphite. 

Analyses of the products of oxidation of solutions of ammonium 
bydrosulphide served to substantiate in general outline the theory of 
change put forward. At the same time, no means were to hand for 

* Being unable to obtain by purchase ammonium sulphite or ammonium thio- 
sulphate in a state of purity, Mr. W. B. Giles kindly undertook their preparation, 
and was eminently successful. An account of the preparation and properties ot 
thebe salts will appear in another journal. 
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determining the values of certain necessary factors, namely, tho rela- 
tive proportions of ammonia existing in the free state and as ammo- 
nium hydrosulphide, together with the exact nature of the polysulphide 
present. All that could be done was to deteimine the relations 
between total ammonia, sulphur present as sulphide and poly sulphide, 
and the oxidised sulphur. 

It is to be noted that in previous accounts of changes occurring no 
share has been allotted to carbon dioxide in effecting the decom- 
position of ammonium hydrosulphide and polysulphide solutions. It 
is found that if pure washed carbon dioxide be passed into solutions 
of ammonium hydrosulphide, a steady evolution of hydrogen sulphide 
takes place, and crystals of ammonium hydrogen carbonate are 
deposited, but no polysulphide is formed. Polysulphides of ammo- 
nium are also readily decomposed on passing carbon dioxide through 
their solutions, hydrogen sulphide being evolved and sulphur depo- 
sited. 

The paper published by Divers and Shimidzu (Trans., 1884, 45, 
270), iC On Calcium Hydrosulphides,” and by Divers (ibid., 696), 
“ The Origin of Calcium Thiosulphate : an Emendatory Note to a 
Paper on the Calcium Hydrosulphides,” have proved of great assist- 
ance in the study of these oxidation changes of ammonium hydro- 
sulphide. The author is in entire agreement with Divers’ remarks 
on the origin of calcium thiosulphate, as contained in the emendatory 
note, these being in accord with the present experience. 

At this stage it was evident that in order to follow out quantita- 
tively the oxidation changes of solutions of ammonium sulphide, a 
special study of the various components was necessary. 

This entailed the preparation of the hydro sulphides, sulphides, 
polysulphides, sulphite and thiosulphate of ammonium in a state of 
purity. The difficulties of analysis and procedure, and tho poisonous 
nature of the gases evolved, probably account for the fact that no- 
work on these compounds has been published since the appearance 
of the papers by Fritzsche (J. jjr. Uhem., 1841, 24, 460; ibid., IS 1*1, 
32, 313). 

It is claimed by the author that, with the exception of ammonium 
pentasulphide obtained by Fritzsche, none of the ammonium sulphides 
or polysulphides have previously been prepared in the pure state, or 
the experimental conditions for their production been investigated. 

It should be noted that great care must betaken to avoid inhalation 
of the vapours of ammonium sulphur compounds, as marked physio- 
logical effects are produced, even when small quantities are present 
in the air respired. Vapours of the ammonium sulphides produce 
much more serious effects than hydrogen sulphide, the toxic effect 
being greater in proportion to the volatility of the sulphide ; tho most 
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dangerous compound is the volatile oily liquid of the composition, 
(NH02S,23ra s . 


II. Analytical Methods employed. 

Experiment soon showed that no pure prepai^ation of any of the 
ammonium sulphur compounds was available as a control, so that it 
became necessary to make a series of analyses of solutions to deter- 
mine whether concordant results could be obtained. The rapidity 
with which these compounds undergo change on exposure to air 
lenders it necessary to pay close attention to experimental detail, in 
order to obtain accurate analytical results. This is especially notice- 
able in the case of polysulphide solutions. • 

Determination of Total Sulphur . — It is well known that barium 
sulphate exhibits a great tendency to carry down with it other salts, 
and in consequence, to obtain accurate results, it was found necessary 
to exclude, from the solutions, substances, either known to exercise a 
solvent action on barium sulphate or liable to be carried down with 
it during precipitation ; care also had to be taken in adjusting the 
quantities of the reagents employed. 

Among oxidising agents, an ammoniacal solution of hydrogen per- 
oxide is greatly to be preferred, but unfortunately commercial samples 
of hydrogen peroxide contain impurities, such as sulphuric acid, 
phosphoric acid, nitrite, phosphate, alumina, <fcc., which might inter- 
fere with the results. Oxidation was consequently effected by means 
of acid or alkaline solutions of bromine, preferably a solution of 
sodic hypobromite, the process being conducted as follows. 

Fifty c.c. of a solution of sodic hydroxide (100 grams NTaHO dis- 
solved in 1000 grams H 2 0) are placed m a tolerably capacious beaker, 
and pure bromine added in slight excess. The sulphide or poly- 
sulphide solution, or crystals (containing about 0*6 gram of sulphur) 
are rapidly weighed in a small stoppered weighing tube, then quickly 
transferred to the beaker, and the tube rinsed repeatedly with water. 
In cases where contact with water decomposes the polysulpbides, the 
film of sulphur deposited in the weighing tube is dissolved by 
bromine water, and washed into the beaker. Tho whole is well 
agitated in the cold until the finely divided sulphur first precipitated 
is dissolved, and the solution is then gently warmed for some hours 
on a sand hath. Great care must be taken to prevent precipitation 
of sulphur, which, assuming, the globular form, is only very slowly 
acted on by the bromine. When complete solution is effected, suffi- 
cient hydrochloric acid is added to decompose the excess of hypo- 
bromite, and the bromine is expelled by heat. 

In the meautime the determination of ammonium is made, using 
standard sulphuric acid, and ft'om this the approximate quantity of 
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barium chloride required to effect precipitation could be calculated. 
The required quantity of liot barium chloride solution (containing 
10 per cent. BaCl 2 , 2 H 2 0 ) is then run in, and the beaker and contents 
allowed to stand over-night. The precipitate and filter paper must 
be ignited separately, and the ash treated with a few drops of 
bromine water, and again ignited before adding it to the main 
portion. With these precautions, the barium sulphate is always pure, 
and the results are entirely satisfactory. Where bromine in acid 
solution is used as the oxidising agent, the same routine is followed, 
with one exception; before adding barium chloride, the solution is 
neutralised with ammonia, and then rendered slightly acid with 
hydrochloric acid. 

It is unnecessary to expel all the bromine by evaporating the solu- 
tion nearly to dryness before adding the barium chloride (see Lucion, 
Chew. Zeit ., 1888, 12, 427, and G. Tauber, ibid., 477 ; I can confirm 
their results). 

Determination of Pohjbidjjhide Sulphur. — The solution or the crystals 
are rapidly transferred to a small stoppered weighing tube and the 
weight determined ; the solution is then washed into a beaker con- 
taining a slight excess of dilute hydrochloric acid containing no free 
chlorine. The beaker, loosely covered, is then gradually heated upon 
a sand hath until no more hydrogen sulphide is evolved. The liquid 
is allowed to cool, and oxidation of the sulphur is effected by bromine, 
in the manner previously described. 

As already noticed, solutions containing tetrasulphide or higher 
sulphides always deposit sulphur in the weighing tube during the 
process of dilution and transference to the beaker ; this is dissolved 
in bromine water and added to the oxidising mixture in the beaker. 
The determinations of polysulphide sulphur made in this manner are 
accurate. According to the older methods, the sulphur, present as 
sulphide and polysulphide, is precipitated by a zinc salt; the pre- 
cipitate is boiled with acid, and the residue of sulphur is oxidised and 
determined as barium sulphate. Amongst other disadvantages, the 
lesults were invariably high, owing to the precipitated barium sulphate 
retaining zinc salt. 

Detei mination of Ammonium. — Since the determination of the 
ammonium as a platinochloride involved the sacrifice of much time, 
the following method was adopted, giving the ammonium value 
lapidly. 

Standard solutions of normal and 1ST /10 sulphuric acid wei*e pre- 
pared, and also a N/10 solution of potassium hydroxides The solution 
to be analysed was rapidly weighed, washed into a flask containing 
excess of the standard acid, and then heated and maintained at the 
boiling point until hydrogen sulphide ceased to be evolved, the excess 
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of acid in the hot solution being determined by tho standard alkali, 
using litmus as indicator. This method gives very accurate results, 
and a complete determination can be effected in less than half an 
hour. When a polysulphide is treated in the manner described, the 
sulphur which is deposited coagulates when the acid solution is boiled, 
and settles to the bottom of the flask; its presence does not, how- 
ever, in any way interfere with the determination of the point of 
neutrality. 

Time is saved if methyl-orange be employed as indicator, it being 
unnecessary to expel the hydrogen sulphide by boiling, but the results 
are not quite so accurate ; using this method, the weighed sulphide 
solution is washed into a flask containing cold water, methyl-orange 
is added, and standard acid run in until the characteristic colour 
change is observed. As, however, the evolution of hydrogen sulphide 
during the titration is objectionable, it is better to employ the process 
first mentioned. 

III. Preparation of Solution of Ammonium Hydrosulphide. 

Compounds formed on passing Hydrogen Sulphide through a concen- 
trated solution of Ammonia ( sp . gr. 0*880). — A strong solution of am- 
monium hydrosnlphidc being required for the preparation of tho 
ammonium polysulphides as deer i bed by Fritzsche (J.pr. Chem 1841, 
24,460; 1844, 32, 313), the method generally recommended was 
employed. 

A current of washed hydrogen snlphide was passed through 300 e.c. 
of strong ammonia solution* (sp. gr. 0*880) for 18f hours, the vessel 
containing the liquid being surrounded by cold water. When hydro- 
gen snlphide escaped freely from the outlet tube, a portion of the 
solution was analysed. It was found to contain S = 27*75 and 
27*66 per cent., NH* = 20*33 and 20*30 per cent. 

A solution of ammonium hydrosulphide would require 36 11 per 
cent, sulphur to 20 3 of ammonium. The solution obtained being 
deficient in sulphur to the extent of 8*4 per cent., it was inferred that 
saturation was not complete. 

A second similar experiment was made, but the stream of gas was 
maintained for 24 hours after the gas ceased to be absorbed. 
Analysis gave S = 28*11 and 28*20 per cent. = 22*47 and 

22*40 per cent. A solution of ammonium hydrosulphide of this 
strength requires 39*91 per cent, of sulphur. 

These experiments prove : — 

(a.) That strong ammonia solutions do not absorb the amount of 

* Throughout this paper tho expression “strong ammonia solution” refers to 
“ Liq. Ammon. Fortiss., sp* gr. 0*880.” 
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hydrogen sulphide necessary for the complete conversion of the 
ammonia into ammonium hydrosulphide. 

(&.) That the stronger the solution of ammonia the less sulphur 
relatively is taken up. 

In the first experiment, the end product contains 20*3 per cent, 
ammonium and 76 7 per cent, of the sulphur required to form 
£TH 4 *HS. In the second experiment, the end product contains 22*47 
per cent, ammonium and only 71*2 per cent, of the sulphur required 
to form fTH^HS. 

In order to determine the nature of the product obtained on 
saturating a solution of ammonia (sp.gr. 0*880) with hydrogen sulphide, 
a portion of the solution was cooled by a freezing mixture of ice and 
salt. Leaf-like crystals were deposited which, after being drained 
as completely as possible from the mother liquor, were allowed to 
dissolve in their water of hydration, dissolution being aided by 
placing the bottle in slightly warm water. On standing, this clear 
solution deposited crystals ; these on analysis gave S = 30*08 per 
cent. ; 1111*= 22*62 per cent. 

For 1TH 4 *HS, 40*21 per cent, of sulphur would he required; the 
crystals, therefore, contain only three-quarters the amount of sulphur 
required by the formula OTL/HS, and their composition may be 
represented as (NHi)sS,2NHt*HS. A saturated aqueous solution of 
this substance contains 52*7 per cent, of the compound. 

From this it is seen that the product obtained on saturating solu- 
tion of ammonia (sp. gr. 0*880) w ith hydrogen sulphide at the ordinary 
temperature is not 1TH 4 *HS but (NH^S^NH^HS. 

A solution of (NH 4 hS,2IIH 4 *IIS cooled to 0° absorbs hydrogen 
sulphide, and fern-like crystals are deposited. After complete 
saturation at 0°, analyses were made of the crystals and of the mother 
liquor. 

The mother liquor gave S = 27*01 and 27*53 per cent. ; BTH* = 
17*73 per cent, and 17*75 per cent., corresponding to the formula 
(ITIDaSjdNHi-HS, for which 17*74 per cent. ITH* requires 27*60 per 
cent. S. 

A solution of the crystals gave S = 23*11 and 23*16 por cent. ; 
BT H 4 = 14*03 and 14*00 per cent., corresponding to the formula 
(NH^) 2 S,12NH4'HS, for which 14*0 per cent. 1TH 4 requires 23*12 per 
cent. S. 

When washed hydrogen sulphide was passed into ammonia solution 
of sp. gr. 0*880 kept at 0°, white crystalline scales began to form on 
the surface cf the liquid after the lapse of a considerable time ; the 
current of gas was maintained until no farther formation of crystals 
was observed, the flask being now half full of white crystalline 
plates resembling potassic chlorate in appearance. Analyses were 
then made of the mother liquor and of the crystals. 



AND POLY&ULPHIDE& OF AMMONIUM. 285 

The mother liquor, 'which effervesced freely, was found to contain 

(NH 4 ) a S,63srH 4 -HH. 

The crystals bore pressure between filter paper, being haid and 
crisp to the touch, a marked contrast to the behaviour of the com- 
pound (ETI 4 ) 2 S,12NH 4 *HS under similar circumstances. The values 
obtained were S = 57*47 per cent. ; NH 4 = 34*18 and 34*05 per cent., 
corresponding to the formula (NH 4 ) 2 S,18XH4*HS + 4H 3 0,* which 
requires S = 57*47 ; E"H 4 = 34*02 per cent. 

From these experiments, it is seen that the current statement that 
an aqueous solution of NH^HS is obtained by saturating NH& 4- Aq 
with hydrogen sulphide in absence of air, is only true when the value 
of Aq is defined. If NH3 + Aq be interpreted as solution of ammonia 
of sp. gr. 0 880, then in no case can a solution of NH 4 *HS be obtained 
on passage of H 2 S. In its place a number of compounds are obtained 
to which the general form (NH 4 ) 2 S,as!N'H 4 *HS may be given. 

Experiments inode to determine at what degree of Dilution , if any , 

NH^HS is formed on saturating Solution of Ammonia with 'Hydrogen 

Sulphide. 

The foregoing experiments indicated the probability that in dilute 
solutions of ammonia the amount of hydrogen sulphide requisite for 
the formation of ammonium hydrosulphide might be absorbed. This 
■was proved to be the case, for on making a dilute solution in ice-cold 
water of the crystals (NH^S, 12NH 4 -HS, and passing a current of 
hydrogen sulphide for 24 hours through the solution cooled at 0°, 
analysis showed that the ammonium and sulphur in the solution were 
in the proportion required by the formula NH^HS. 

Experiments were now made to determine at what degree of 
dilution hTH 4 *HS is formed on saturating ammonia solution with 


Solutions Cooled to 0 0 and Saturated with Hydrogen Sulphide . 


Degree 

of dilution. | 

Results of analysis of 
saturation product. 

Percentage of 
S in satu- 
ration product. 
IS in NH 4 -H8 
« 100. 

Composition of 
saturation product. 

rols. : 0*88 

ammonia 

solution. 

Vols. : 1 
Water, 

1 

nh 4 

per cent. 

S per cent. 

ro. I 3 

1 1 

I 17-26 ; 1730 

25*21; 25*0G 

81 *6 

(NH 4 ),S l 4]m l -HS 

„ II 2 

1 1 

1 15*41; 15 51 

24-75; 35-0] 

90*1 

(NH 4 ) s 8,8NH 4 -BS 

„ HI 1 

1 

1197; 11-94 

1916; 19*08 

90*0 

(NH 4 ) 1 3,8NH 4 \HS 

„ iv 1 

2 

1 8-U9; 896 

15*18; 15*20 

95*0 

(NH«)A18NH 4 -HS 

„ vi 

3 

1 7-16; 6-98 

11*89; 11*80 

95*2 


„ VI 1 

4 

5-63; 5-64 

9*93 

100*0 

NH 4 -HS 

„ VII X 

5 

| 4-98; 4-91 

8*67; 8*66 

100*0 

nh 4 -hs 
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hydrogen sulphide. The rebults are, for convenience, appended in 
the tabular form. 

It appears from these experiments that ordinary strong solution of 
ammonia must be diluted with about four times its volume of water 
before the full amount of hydrogen sulphide required to form ammo- 
nium hydrosulphide is absorbed. The strongest solution of ammo- 
nium hydrosulphide contains less than 19 per cent. NH 4 *HS (see 
Experiment Y). The solution obtained when the dilution was 1 : 4 
(see Experiment YI) contained 16 per cent. NH^HS. The st longest 
solution of ammonium hydrosulphide obtainable contains, therefore, 
between 16 and 19 per cent, of NH 4 *HS. 


Attempts to prepare Ammonium Hyd) osulphide in the Solid State. 

It is stated on the authority of Bineau (Ann. Ohim. Phys * , 
1888, 67, 230; 1838, 68, 435) that, at ordinary temperatures, 
hydrogen sulphide and gaseous ammonia combine in equal volumes 
in whatever proportions they may be mixed. The compound crystal- 
lises in colourless needles and scales, and volatilises and sublimes, even 
at ordinary temperatures ; it has a penetrating odour of ammonia and 
of hydrogen sulphide, and an alkaline action ; rapidly turns yellow 
on exposure to the air, from formation of pentasulphide of ammo- 
nium (Thenard) ; it yields a colourless solution with water. As no 
analyses of this compound are given, it was determined to repeat the 
experiment. A wide-mouth bottle was fitted with a cork and two 
glass tubes to serve as inlets for the hydrogen sulphide and ammonia 
respectively, whilst a third tube served as an outlet for the escape of 
gases On passing the gases, ammonia being in excess, into the 
bottle cooled with ice, colourless needles and scales were formed ; but 
the greater portion was deposited on the sides of the bottle as a 
white, porcelain-like mass. 

Attention was directed especially to the question, is NH^HS the 
only product obtained i t In order to test this point, ice-cold water 
was introduced into the bottle containing the white crystalline solid ; 
three solutions were made in rapid succession and numbered I, II, 
and III, No. I being the weakest, and No. Ill the strongest. 

The crystals being assumed to be NH 4 *HS, analysis of the solu- 
tions should show either that all three had the same composition as 
the crystals, that is, NH 4 *HS, showing that ammonium hydrogen 
sulphide when once formed will yield concentrated aqueous solutions 
without loss of hydrogen sulphide, or that, as previously experienced, 
the existence of NEU'HS as such, in concentrated aqueous solutions, 
is not possible, hydrogen sulphide being evolved. 

The results of the analysis of the three solutions are given below. 
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NH, 
per cent. 

S per cent. 

Percentage of S present. 

S in NH 4 *HS = 100 

Solution No. I - 

3**5 

6*0 

87*5 

„ No. II 

8*55 

13 *48 

88*4 

„ No. Ill 

16 *10 

22*87 

i 

70*7 

s 



The&e analyses show that the crystals obtained were not pure 
WH^HS, as the solution Nfa. I, which is within the dilution limit 
previously determined for NTH 4 *HS (see p. 286), had not this com- 
position, but contained only 88 per cent, of the sulphur required for 
NH 4 *HS. From this it is evident that, contrary to Bineau's state- 
ment (loc. cit.), it is not a matter of indifference whether the volumes 
of the gases are adjusted or not. 

A second preparation was therefore made, in which the hydrogen 
sulphide was kept in slight excess, the other details being similar to 
those of the preceding experiment. The crystals thus formed were 
not to be distinguished in appearance from those obtained in the 
previous experiment; on analysis, however, they proved to he 
!NH 4 - HS, the analysis of the solution of the crystals giving NH 4 = 
6*23 per cent., S = 10 67 per cent., corresponding to 

(N'H 4 ) 2 S,18NrH 4 *HS, 

derived from the action of water on the solntion being too 

concentrated for the existence in it of NTH 4 *HS (see p. 286). 

Ammonium hydrosulphide can, therefore, be prepared in a state of 
purity by this method, if the volnmes of the gases are equal, or if 
the hydrogen sulphide is in slight excess, but not if the ammonia is 
in excess. 

Only one other method is given for the preparation of ammonium 
hydrosulphide, namely, by passing hydrogen sulphide into an alco- 
holic solution of ammonia. 

To investigate this method, absolute alcohol was saturated with 
dry ammonia, and washed hydrogen sulphide was passed into the 
alcoholic solution kept at 0°. The large, white, micaceous plates 
which formed were separated from the mother liquor, and the crys- 
tals dried by pressure between filter-paper. The odour exhaled is 
almost insupportable. 

Analyses were made of the crystals and of their solutions in water. 

The conclusions arrived at are : — 

1. This method does not yield 1TH 4 # HS, but substances containing 
less sulphur than is required by the formula NHi-HS. 

2. These substances are of the same nature as those obtained on 
saturating aqueous solutions of ammonia with hydrogen sulphide, 

VOL. IiXVII. x 
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(IN’EQaS, ajNH^HS. The product obtained from alcoholic solution 
varies according to the strength of the solution. 

3. The crystals obtained contain alcohol. 

IV. Ammonium Monosulphide. 

Experiments were now made with the view of ascertaining whether 
a strong ammonia solution, when supplied with the amount of hydro- 
gen sulphide required to form (NH 4 ) 2 S, would yield a solution of this 
substance, or whether the product would behave as a mixture of 
?. TmnnTnfl. and one of the compounds of the type 
previously described. The usual method for preparing a solution of 
ammonium monosulphide, namely, to divide a quantity of aqueous 
ammonia into two equal parts, saturate one with hydrogen sulphide, 
and then add the other to it, is useless for making a concentrated 
solution, as the compound will contain an excess of ammonia. To 
determine the ammonia and sulphur in the portion saturated, and 
then to add the required quantity of titrated ammonia solution, is 
open to the objection that the product obtained on saturation of 
0*880 ammonia solution, e.g ., (NH*) a S,2in3vHS, might not be acted 
on by the ammonia added, and the two would then exist separately 
in the solution. 

The other method for making the solution, namely, to pass hydro- 
gen sulphide in quantity just sufficient to form ammonium mono- 
sulphide, entails analysis of the solution at intervals, in order to 
guard against the introduction of excess of hydrogen sulphide. It is 
evident that a rapid and accurate method of determining when the 
monosulphide limit has been reached is required. 

Divers and Shimidzu (Trans., 1884, 45, 275) have employed man- 
ganous salts for the detection of basylous hydrogen in such cases, 
the test being based upon the following reactions, 

(FH 4 ) 2 S + MnSO* = MnS + (NJEQ* S0 4 , 

2NH 4 -HS + MnS0 4 = MnS + (NH*) a S0 4 + H a S, 

half the sulphur present as hydrosulphide escaping precipitation, and 
appearing as hydrogen sulphide. This method, however, has not 
proved satisfactory in the author’s hands, owing to the fact that the 
reaction does not take place sharply. The test is made by adding the 
solution to be examined to an excess of a solution of a manganous salt, 
contained in a stoppered glass cylinder, which is then closed and 
shaken, and, after an interval, a piece of lead paper is introduced into 
the air in the cylinder. It was found, however, that, even when the 
ammonia was in excess, some time elapsed before the air was free 
from hydrogen sulphide, and as the solution approaches the mono- 
sulphide limit, it is difficult to determine whether the hydrogen sul* 
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phide in the air arises from nndecomposed ammonium monosulphide 
or is due to the presence of hydrosulphide. A magnesium salt is 
recommended for the detection of excess of ammonia, but the reagent 
proved to be useless, as the presence of ammonium sulphide prevents 
the precipitation of magnesium hydroxide. 

These difficulties have been overcome by employing a solution of 
cupric sulphate, and it is possible by its use to determine qualitatively 
or quantitatively any excess, either of ammonia or of hydrogen sul- 
phide, over and above that required to form ammonium monosulphide. 
The following reactions may occur. 

<a.) 2CnS0 4 + 2NH4-HS = 2CuS + CNH 4 ) 2 S0 4 + H 2 SO*. 

<».) CuSO* + (STHOsS = CuS + (KTH^SO*. 

<c.) 2 CuS0 4 + (TSniQS + 2NHJIO = CuS + Cu(HO) 2 

+ 2(jra 4 ) 2 so* 

The examination is made as follows. An excess of solution 
of recrystallised cupric sulphate (1 c.c. = about OT gram CuSO*) 
ds placed in a flask, water is added, and the solution to be 
examined is run in. The flask is closed by a tightly-fitting cork, 
■and the flask and contents shaken; the reaction is very sharp, 
and the air in the flask, after once shaking, is invariably free from 
hydrogen sulphide. The supernatant liquor is filtered, and the 
precipitate remaining in the flask is washed with hot water by 
decantation until free from acidity and copper salt. The filtrate is 
allowed to cool, and titrated with decinormal solution of potassic 
hydroxide. If the first drops produce a turbidity, showing that the 
mixture has not become acid, ammonia solution is added to the pre- 
cipitate remaining in the flask, which is well shaken. On filtering, a 
deep blue solution is obtained, showing that an excess of ammonia 
over that required to form ammonium monosulphide was present. A 
solution containing ammonia and hydrogen sulphide in the exact pro- 
portions required by ammonium monosulphide develops no acidity, 
and the precipitate, after treatment with ammonia, does not yield a 
bine filtrate. 

To determine any excess of ammonia quantitatively, it is only 
necessary to add to the cupric sulphate solution in the flask an excess 
of standard acid, and to proceed as above, the difference between the 
acid taken and that found by titration corresponding to the excess 
of ammonia present. The reagent is specially valuable for the 
•examination of polysulphide solutions, and gives accurate results 
when used quantitatively. The determinations of the sulphur in 
commercial samples of ammonium hydrosulphide can be rapidly 
-effected by this method. 

Being now in a position to determine readily when the amount of 

x 2 
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hydrogen sulphide required to form ammonium monosulphido liad 
been taken up, a solution was made by passing a current of washed 
hydrogen sulphide through a strong solution of ammonia, cooled to 0°. 
Test samples were taken from time to time, and treated with cupric 
snlphate solution, and when the neutral point was reached the sola* 
tion was analysed in the usual way, the following values being 
obtained, NH 4 = 25*88 and 25*95 per cent., S = 22 91 and 22 80 per 
cent. This is in the proportion required by ammonium monosulphide. 
For (NH 4 ) 2 S the ammonium found would require S = 23*02 per 
cent. 

An attempt to obtain crystals by cooling the solution even at —40° 
was unsuccessful, but it is worthy of note that in all cases where free 
ammonia was present it exercised a great solvent power, tending to 
prevent the deposition of crystals. Is then the solution which gives 
^analytical results pointing to (1STH 4 ) 2 S a solution of this substance, or 
is it to be regarded as a mixture of a compound of the type 
(jSrH 4 ) 2 S,afXH 4 *HS with frNH^HO P If the solution be saturated 
with hydrogen sulphide, the compound formed has the composition 
(N'H 4 ) a S,21TH4*HS, and crystals of this substance can bo obtained 
from it ; that is to say, the supposed solution of (NH^oS only takes 
up half the amount of hydrogen sulphide required to form NH 4 *HS. 

On diluting the original solution with varying quantities of water, 
and then passing hydrogen sulphide to saturation, the amount of the 
gas absorbed does not progressively increase with the dilution, but 
solutions of the composition (ira^aS^NHi'HS, (]SnSi)^S,6NH 4 *HS, 
(NH 4 ) 2 S,18FH 4 -HS, and, finally, NH 4 *HS are obtained. 

The amount of hydrogen sulphide absoi*bed always corresponds 
with one of these compounds, and no intermediate ratios are obtained. 
For example, the solution (NH 4 ) 2 S,8NH 4 *HS will not absorb more 
hydrogen sulphide on progressive dilution; when, however, a certain 
stage of dilution is reached absorption once more takes place, and a 
solution of the compound (NH4) 2 S,18NHvHS can be obtained. 

On the assumption that only the compounds (NH 4 ) s S and NHyHS 
exist, and that the amount of hydrogen sulphide absorbed depends on 
the amount of the (355TH 4 ) 2 S, which is dissociated, it seems impossible 
to explain why only solutions corresponding with the compounds 
above mentioned can be obtained. 

On the other hand, it is easy to understand the process of absorption 
of hydrogen sulphide, if the existence of definite compounds of the 
type (NH 4 ) a S,aNH 4 *HS be admitted. Crystals of the composition 
(NH4) 2 S,2 ]S t H^HS, (S’H 4 ) 3 S,12KH 4 'HS, (NH 4 ) 2 S,18NII 4 -HS have 
actually been obtained. 

Moreover, if crystals of KB^HS be treated, in a stoppered bottle, 
with water, then— if the quantity of water be less than is required for 
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a solution of NH 4 *HS, as found by direct saturation (see table, p. 283) 
— au evolution of hydrogen sulphide is observed : a point of stability 
being reached when the solution corresponds with the compound of 
the type (EH 4 ) 2 S,.t\NH 4 "HS possible at the degree of dilution. 

The explanation of the observed facts offered by the author is as 
follows. When hydrogen sulphide is passed into ammonia solution 
(NH 4 ) s S is first formed, and this breaks down giving NTH 4 -HS and 
NH 4 *HO. The NH 4 *HS thus produced unites with more (bTH 4 ) 2 S to 
form compounds of the general formula (NH 4 ) 2 S,a)NH 4 *HS, the value of 
a increasing with the dilution of the solution. With the strongest 
ammonia solution, the saturated product has the composition 
(N‘H 4 ) 2 S,2!NHi*HS, and when the saturated solution contains only 
about 6 per cent, of ammonium, the full amount of hydrogen sulphide 
required to form NH 4 *HS is absorbed. Within certain tolerably wide 
limits of dilution, the value of x remains constant, and the solutions 
do not progressively take up more hydrogen sulphide (see table, 
p. 285). 

Even if the current of hydrogen sulphide be not continued to 
complete saturation of the solution, the product corresponding to 
the dilution alone will be formed, the excess of ammonia remaining 
free ; thus ( [vide p. 296) the solution yielding analytical figures for 
(]STH 4 ) 2 S is to be regarded as one of (NH 4 ) 2 S,2NH4*HS + 2hTH 4 *HO. 
Thus, although neither NH 4 *HS nor (NHi) a S exist as such in concen- 
trated solutions, the two combine together, forming compounds of 
considerable stability, their solutions being incapable of taking up 
more hydrogen sulphide until they are furthur diluted. The crystals 
of (NH 4 ) 2 S, 18 N'E 4 -HS which have been obtained are well defined 
and are fairly stable. This view of the constitution of the supposed 
solution of ammonium monosulphide — namely, that it is a mixture of 
(NH 4 ) 2 S,*2NHi-HS + 2NH 4 *HO — receives ample experimental confir- 
mation. In the first place, its behaviour with solution of cupric 
sulphate is intelligible. Secondly, the failure of the solution to yield 
crystals by cooling can be attributed to the known solvent action, 
exercised by free ammonia. In the third place, the solution exhibits 
no tendency to dissolve sulphur in the simple fashion attributed to 
the monosulphide, thus — 

(NEy^S + Si ... . S 2 , &c., = (3STH 4 ) 2 S 2 • # • • &, <&c. 

On the contrary, as is described later, the solution, when treated in 
the cold with finely-divided sulphux*, evolves hydrogen sulphide* and 
when rather more sulphur has gone into solution than is required to 
form (NTH 4 ) 2 S 2 , a crystalline compound is obtained which has invari- 
ably the composition of tetrammonium hoptasulphide, (NH^S?, in 
which five of the sulphur atoms are not in direct union with 
ammonium. 
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The formation of this compound is intelligible, if the composition 
of the supposed ammonium monosulphide solution be 

+ 2NH*-HO. 

On treating the compound nhJ> S< ^SH-Nh! witl Bul P tnr « H * S “ 
eliminated, giving rise to two molecules of diammonium monosulphide 
(NH 4 ) 3 S, which by combination with five atoms of sulphur form the 

compound (NHOA, thus S<^. 

V 

V. Preparation of Crystals of Ammonium Honosttlpliide . 

Since the strong solution just described does not behave like one 
of ammonium monosnlpliide, and as no crystals of monosnlpliide conld 
be obtained from the solution, an attempt was made to obtain 
crystals of the monosulphide by the union of the dry gases. 

The method given by L. Gmelin (Handbook of Chemistry, 2, 451) is 
to pass a mixture of one volume of hydrogen sulphide with rather 
more than two of ammonia into a tube cooled down to —18°. It is 
also stated that at ordinary temperatures the two gases combine in 
equal volumes only, even when the ammonia is present in large 
excess. (The latter statement has been shown to be incorrect, see 
p. 287.) 

These statements rest on the authority of Bineau (Ann. Chim . 
Phys ., 1889, 70, 261). He passed a mixture of 6*7 e.c. H 3 S with 
14*8 c.c. HH 3 through a tube cooled by a mixture of ice and salt, and 
measured the uncondensed gas (1*2 c.c.), which he regarded as 
ammonia ; from this he concluded that two volumes of ammonia had 
combined with one volume of hydrogen sulphide ; it was found that 
the monosulphide formed gave off ammonia on being removod from 
the freezing mixture, leaving ammonium hydrosulphide. As only 
about 20 milligrams of the solid could have been obtained by Bineau, 
it was thought advisable to repeat the experiment so as to obtain 
sufficient of the compound for analysis. 

The apparatus employed was the same as that used for the prepara* 
tion of ammonium hydrosulphide in the solid state (see p. 286). The 
bottle was cooled by ice and salt, and was kept in the freezing 
mixture for half an hour before the ammonia and hydrogen sulphide 
were admitted ; these were dried by passing them through drying 
towers and tubes containing quicklime and calcium chloride respec- 
tively ; and the air in the bottle was displaced by ammonia before 
the hydrogen sulphide was admitted, and the rate at which the gases 
were passed in was so adjusted that the ammonia was considerably 
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in excess. The product obtained was evidently not homogeneous; 
glittering, micaceous crystals, resembling naphthalene in appearance, 
were formed, and at the same time a white, porcelain-like solid 
was deposited in the bottle, which subsequent experience showed to 
be ammonium hydrosulphide (see Bineau, loo. tit.) . The crystals 
deposited at the neck of the bottle, where the temperature was not 
quite so low, evolved gas copiously (? NH 3 ), leaving a crystalline 
residue (P NH*-HS), and a third substance was also observed in fern- 
like crystals, apparently one of the compounds (N H 4 ) 2 S,£NHVHS 
previously described. 

On removing the bottle from the freezing mixture, the micaceous 
crystals decomposed with great rapidity, torrents of ammonia being 
evolved ; water was added, when the remaining crystals dissolved 
with great ease, the porcelain-like mass, NHvHS, dissolving more 
slowly. The solution poured off from the undissolved hydrosulphide, 
and subjected to analysis, showed that the greater proportion of the 
mass consisted of NH^HS. The experiment was repeated, using the 
same apparatus, but with the addition of two (J -tubes, which were also 
kept at —18°, and the ammonia was passed in greater excess. The 
micaceous crystals were obtained without difficulty, and presented a 
most beautiful appearance, reflecting a bluish- white light; but the total 
yield was disappointingly small. Ammonium hydrosulphide was 
also observed, but the fern-like crystals were not formed. On inspect- 
ing the cooled (J -tubes connected with the outlet tube of the bottle, 
it was found that a yellowish, heavy liquid had condensed in the 
one next the bottle; this liquid was highly refractive, resembling 
carbon bisulphide in this respect. A few drops of this oily liquid 
had also collected in the second (J -tube- On removing the tube 
from the freezing mixture, the liquid boiled violently, evolving 
foments of ammonia, and leaving a white, crystalline residue, which, 
in turn, decomposed with evolution of ammonia ; the final residue 
appeared to consist of ammonium hydrosulphide. The liquid 
product, therefore, was richer in ammonia than any sulphide yet 
obtained; it appears to have been formed by the passage of the 
excess of ammonia over the crystals of ammonium monosulphide 
deposited in the bottle, and was subsequently condensed in the (J - 
tubes. Some of this substance was donbtless formed in the previous 
experiment, but escaped uncondensed ; this would account for the 
sei*ious symptoms experienced dnring the first preparation hy the 
author and his assistant. When ice-cold water was added to the oily 
liquid before removing the U -tube from the freezing mixture, some 
ammonia was given off; the solution, which was of a light straw 
colour, when submitted to analysis, gave NH* = 3 56 and 3‘52 per 
cent. ; S = 1*67 per cent. These fignres show that the oily liquid 
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contains twice as much ammonia as ammonium mouosulphide does, its 
composition being represented by the formula (FH 4 )aS,2NHs. The 
excess of sulphur fonnd, 1*67 per cent, as against ICO theory, is 
accounted for by the loss of ammonia during solution in water, and 
in the subsequent operations. A third experiment similar to the one 
just described was now made with the object of obtaining crystals of 
ammonium xnonosnlphide as far as possible free from ammonium 
hydrosnlphide, and also more of the volatile oily liquid in a state of 
purity. 

Some small quantity of ammonium hydrosnlphide was formed, but, 
on introducing ice-cold water, the thm, micaceous plates rapidly 
passed into solution, leaving the porcelain-like mass of WH 4 *HS, 
which dissolved but slowly. The solution thus obtained, when 
analysed, gave = 14*70 per cent. ; S = 16*50 per cent. ; 
(* t H 4 )*S requires, for the amount of NH 4 fonnd, only 13*67 per cent, 
of sulphur. 

This analysis shows that when the micaceous crystals are rapidly 
dissolved in ice-cold water, a solution is obtained in which the pro- 
portions of ammonium and sulphur are approximately those required 
by ammonium monosulphide. 

A strong solution of the oily liquid was made with ice-cold water 
before removing the (J -tube from the freezing mixture. The evolu- 
tion of ammonia was again observed, and the solution was therefore 
diluted with about twice its volume of ice-cold water, to increase its 
stability. An analysis of the diluted solution gave OTI* as 12 53 and 
12*48 per cent. ; S == 6*16 and 6*25 per cent. ; for the 

NH* fonnd requires S = 5*55 per cent. 

This confirms the experience, that on making the first concentrated 
aqueous solution of the oily liquid in the U -tube there is loss of 
ammonia, this loss being due to insufficient dilution. 

To the present statements concerning ammonium monosulphidc 
must be added these facts. 

1* Passing dry ammonia and dry hydrogen sulphide into a bottlo 
cooled to —18° does not yield ammonium monosulphidc alono, even 
when the ammonia is in considerable excess. Ammonium hydro- 
sulphide is also formed, but by carefully adjusting the volumes of 
the gases and the rate of flow, ammonium monosulphide can bo 
obtained in the form of micaceous crystals. When these crystals 
are rapidly dissolved in ice-cold water, a solution is obtained approxi- 
mating sufficiently closely to the composition (NH*) s S to justify tho 
conclusion that the micaceous crystals are ammonium monosulphide. 
This view is also supported by the behaviour of the crystals when the 
temperature rises, ammonia beiug copiously evolved and a residue of 
ammonium hydrosulphide left. 
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2. Tf tlio ammonia is largely in excess, then a more volatile 
-sulphide is obtained, containing more ammonia than - ammonium 
monosulphide, and having the composition (NH«)iS,2 NUj. 

VI. The PolysnlpJbides of Ammonium, 

Our knowledge concerning the polysulphides of ammonium is 
mainly based on the work of Fritzsche, as detailed in his two papers — 
■“On Two Crystalline Compounds of Ammonium with Sulphur” 
(J. pr. Chem ., 1841, 24, 460), “On Tetrasulphide of Ammonium” 
{ibid., 1844, 32, 313). A condensed, but not wholly accurate, account 
of Fritzsche’s work is given in Watt's Viet, (new edition), 1, 204. 

Fritzsche claims to have obtained diammonium tetrasulphide, 
pentasulphide, and heptasulphide ; his results will be criticised in the 
portions of this paper which deal with the preparation of these salts. 

Fritzsche’s attempt to prepare diammonium trisulphide and 
-disulphide, by continued treatment of the mother liquor, from which 
ho claimed to have obtained the tetrasulphide, resulted in failure. 
The mother liquors from which the diammonium pentasulphide and 
tetrasulphide. had crystallised were not analysed by him. 

Diammonium Pentamlplride . — The investigation of the products 
formed when aqueous ammonia is saturated with hydrogen sulphide, 
showed that the solution Fritzsche employed as his starting 
point for the preparation of diammonium pentasulphide, which he 
believed to contain ammonium hydrosulphide, could not have had 
that composition. Most probably it was made by saturating strong 
ammonia solution with hydrogen sulphide, in which case the product, 
if completely saturated, would have been of the approximate com- 
position (NHOaS^ETBVHS, and if incompletely saturated, the 
composition (N’H 4 ) 2 S, 2 NH 4 *HS,a. , NHi*HO, that is approximating to 
ammonium monosulphide. Under these circumstances it was con- 
sidered preferable to act with sulphur on a solution containing the 
ammonium and sulphur in the ratio 2NH* : S (see p. 290). When a 
solution of about 40 per cent, concentration was warmed with excess 
of sulphur, in the form of impalpable powder, the temperature being 
gradually allowed to rise to 80°, there was a very brisk action, hydro- 
gen sulphide was evolved in quantity, and the sulphur dissolved 
rapidly, the solution appearing almost black. On cooling, crystals 
separated, but on attempting to dissolve them by the addition of 
water, the crystals were immediately decomposed, sulphur being 
deposited and a pale yellow solution obtained. 

* The following experiment with a more dilute solution was then 
made. 200 c.c of the 40 per cent, solution were placed in a flask, 
•diluted with 75 c.c of water, and sulphur added in greater excess than 
would be required for the formation of diammonium pentasulphide; 
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the mixture was then gently warmed on a water hath, the temperature 
not being allowed to exceed 80°. As before, much hydrogen sulphide 
was evolved, the sulphur dissolved freely, and the liquid became deep 
red. When the action was complete, the liquid was poured off from the 
undissolved sulphur into a flask and left standing overnight. In the 
morning a crop of fine large yellow oblique prisms had formed ; the 
crystals exhibiting the features noted by Fritzscbe as characteristic 
of d iamm oni um pentasulpbide. The mother liquor was poured off 
from the crystals and reserved for analysis in closely stoppered bottles.. 
The crystals were at once analysed, and gave = 18T4 and 18*11 
per cent. ; S = 81*28 per cent. They are therefore anhydrous 
diammonium pentasulphide. 

Calculated for (XROS*. S = 81*63 ; NH 4 = 18*37. 

The mother liquor from the crystals of diammonium pentasulphide 
could not he a solution of (NH 4 ) 2 S 5 , as much hydrogen sulphide had 
heen evolved during the action, and the mother liquor must 
consequently contain free ammonia. On cooling this mother liquor in 
a freezing mixture, a crystalline mass was deposited, which was 
rapidly washed with alcohol after the liquid portion had been poured 
off; ou allowing the crystals to liquefy at a gentle heat, a solution of 
the substance in its own water of hydration was obtained, and there 
was no deposition of sulphur. On analysis it gave KH 4 =s 9*35 and 
9*32 per cent. Total S = 37*15 and 36*83 per cent. S as poly- 
sulphide = 28*67 and 28*67 per cent. 

This analysis shows that the ratio S/NH 4 in this solution is 3*98. 
A pure solution of diammonium pentasulphide would give the ratio 
S/bTH* = 4*44, and consequently the above preparation contains 
polysulphides lower than pentasulphide. Another preparation yielded 
precisely similar results. It is to he remarked here that the crystalline 
masses obtained on freezing, and 'which yielded the above solutions, 
had the composition (NH 4 ) a S 4 . 5 or 

On cooling a portion of one of these solutions in a freezing mix- 
ture, crystals were deposited as usual, but, after the mother liquor 
had been poured off, they did not entirely dissolve on warming to 
50 n , as on previous occasions. These crystals were richer in sulphur 
than (NH^oSg, whilst the mother liquor had approximately the com* 
position of diammonium tetrasulphide, (NH 4 ) 2 S 4 . 

It was concluded, then, that at this stage the red liquors contained 
a series of polysulphides, probably diammonium heptasulphide, 
(NH0 sS 7 ; pentasulphide, (NH^Ss; tetrasulphide, (NH 4 ) 3 S 4 ; and, 
possibly, disulphide, (NH 4 ) 3 S 2 . 
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Attempts to prepare Poly sulphides by the Action of Reputed Solution of 
Dicimmonium Monosulphide on Sulphur in Sealed Tubes, 

The method of preparation previously described being complicated, 
and involving loss of hydrogen sulphide, crystallisation, &c., it was 
thought that possibly the formation of a series of polysulphides 
might be due to this cause. It is generally stated that diammonium 
disulphide, (NH*)^, is obtained when sulphur is dissolved in the 
monosulphide in the proportion (Mi) 2 S : S ; experiments were, there- 
fore, made to test the truth of this statement, as, if it were true, the- 
higher polysulphides should be obtained by a similar process. 

The solution used was one previously described (p. 290), which, 
whilst giving analytical results corresponding to those required for 
diammonium monosulphide, was, as previously stated, regarded with 
suspicion. It was, however, the only solution available for the pur- 
pose, and the preparation of diammonium disulphide, if effected pre- 
viously, must have been made with a similar solution. 

The method adopted was as follows. Quantities of 15 c.c. of the 
reputed solution of diammonium monosulphide (of "known strength) 
were placed in glass tubes, and to each was added the calculated 
amount of sulphur for a definite polysulphide. The tubes were then* 
sealed, and, with the exception of that for diammonium disulphide, 
(NH 4 ) 2 S 3 , placed in a capacious beaker containing cold water, the- 
temperature of which was gradually raised. An evolution of gas 
was in each case observed where the sulphur was being dissolved. 
If the solution were one of diammonium monosulphide, this should 1 
not occur. 

I. Attempted formation of (NH^S^ [15 c.c. reputed (NHO 2 S solu- 
tion + 11*22 grams S]. — The sulphur was, at first, rapidly dissolved, 
afterwards more slowly, and then, whilst a considerable mass of 
sulphur was still undissolved, the solution suddenly solidified, a mass 
of small, needle-shaped crystals being obtained. On heating to 100% 
a little more sulphur was dissolved, but as a large portion still 
remained undissolved, the tube was heated for three hours in an air- 
bath at 120°. The sulphur melted, but no further action was ob- 
served. The solution was deep red, and almost opaque, when viewed 
by transmitted light; on cooling, a cxystalliue mass, mixed with 
sulphur, was deposited, which was useless for analysis. 

In a second experiment with a more dilate solution, a still larger 
residue of sulphur remained nndissoived, indicating that dilation was 
unfavourable to solution of the sulphur. These experiments showed 
that the power of dissolving sulphur, possessed by reputed solution 
of diammonium monosulphide, was greatly below the limits required. 
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to form diammonium pentasulphide; experiments were, therefore, 
made to prepare the lower members of the series. 

II. Attempted formation of (NH^)^ [1-5 e.c. reputed (ETH^S solu- 
tion + 28 grams S]. — A yellow solution was obtained from tho 
commencement, the sulphur being almost completely dissolved in the 
cold; on warming slightly, a clear, reddish-yellow solution was 
obtained. There was no deposition of crystals at the ordinary tem- 
perature, but, on cooling with ice and salt, tufts of small, yellow 
needles separated after a time. There was no pressure on opening 
the tube. The crystals from the mother liquor were separated, 
rapidly dried between filter-paper, and transferred to stoppered 
weighing tubes. These crystals dissolved in water, giving a clear, 
yellow solution, which did not deposit sulphur for a considerable 
time. On analysis, the crystals gave S = 61*05, NHi = 19*68, 
HgO (by difference) = 19*27 per cent. 

Although the substance was obtained in well-formed crystals, its 
composition does not accord with any known ammonium sulphide ; if 
they be represented by the formula (NH^S^HgO, tetrammonium 
heptasulphide, they should contain S = 60*88, NH 4 = 19 56, H/) ss 
19'56 per cent. 

III. Attempted formation of (NH^Sa [15 c.c. reputed (NH*) 3 S 
solution + 5*61 grams S]. — On shaking in the cold, part of the sul- 
phur dissolved, and then crystallisation took place.* On warming to 
70 — 80°, an oi*auge-red solution was obtained, which, after remaining 
for some time at the ordinary temperature, deposited rosettes of fine 
needles. After the crystals had been separated from mother liquor, 
as in the previous experiment, water was added in the usual course 
of analysis, when they were at once decomposed, sulphur being 
deposited. 

The results of analysis show that the crystals are diammonium 
pentasulphide with 1H 2 0. 

S. NH, JLO. 

Calculated for (XH 4 )iS 5 ,HiO, • 74*77 16 82 8*41 per cent. 

Found 74*79 16*94 (827) „ 

Thissalt differs from diammonium pentasulphide previously obtained 
(p. 296) in containing lH a O- In form it is easily distinguished from 
the oblique prisms of the anhydrous pentasulphide, the monhydrated 
salt occnrring in rosettes built up of fine-pointed needles. Both salts 
are decomposed rapidly by water, sulphur being deposited. This is 
noteworthy, as in Watt's Dictionary of Chemibtnj (Morley and Muir, 
1, 204) it is stated that (ErH 4 ) 3 S s , in the form of orange-red pris- 
matic crystals, is easily soluble in water and alcohol, although 

* ***** experiments proved this crystalline product to bo (NH 4 ) 4 S 7 tetrammo- 
nium heptasulphide. 
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Fritzsche states that the pentasulphide is decomposed by water yield- 
ing a lemon-coloured solution of a compound containing less sulphur 
whilst sulphur is deposited. 

IV. Attempted formation of [15 c.c. reputed (NH 4 ) 2 S- 

solution + 8*42 grams S]. — The sulphur dissolved with difficulty, hut 
solution was complete at about 80°, and a deep red solution was 
obtained which appeared black by reflected light. On cooling, 
crystallisation took place, very little mother liquor being left. The 
crystals were yellow needles. After the crystals had been separated, 
as in the previous experiments, the addition of water for the purpose 
of analysis decomposed them, sulphur being deposited. 

The results of analysis show that the crystals are tetrammoniuin 
enneasulphide (NH^S* + 8|H 3 0. 

s. net 4 . bt 2 o. 

Calculated for (NHOiSbjS JH 2 0 68*08 17*02 14*90 per cent. 

Found 68*35 16*98 (14'67) „ 

The results of the preceding experiments are given in a tabular 
form to facilitate reference. 


Table shonring Results obtained by the Action of Reputed Ammonium 
Sulphide Solution on Sulphur in Sealed Tubes. 


Attempted 
formation of 

Proportions used of 

Residue of 
sulphur. 

(N'HJ.S 
sol. O.O. 

Sulphur 

(grams). 

(NHihsS,.... 

15 

11*23 j 

Large. • ...... 


15 

8*42 | 

No residue, 
but S dis- 
solves with 
difficulty 

(NHJaS,.... 

15 

5*61 

None ........ 


15 

1 

2*8 

None 


Product. 


Solid mass of crystals mixed, 
with sulphur. 

Solid mass of crystals of 
composition (NII 4 ) 4 S 0 + 


Crystals of (NH 4 ) s S 5 + 
H a O. the mother liquor se- 
parated containing lower 
snlpliides. 

Mother liquor separated* 
Crystals of (NH 4 ) 4 S y + 


The following conclusions aro drawn from the preceding experi- 
ments. 

1. That the solution employed, giving analytical results corre- 
sponding with those required by diammonium monosulpliide, is not 
in reality a solution of that substance. 
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2. That this solution is to be regarded as containing, not (NH^S 
simply, but the compound (NH 4 )>S, 21 tfH 4 'HS + 2NH* - HO. 

3. That the lower polysulphides cannot be obtained by dissolving 
the calculated amount of sulphur in this solution. 

4. That when sulphur acts on this solution, hydrogen sulphide is 
•eliminated (which would not take place were the solution one of 
diammonium monosulphide) and two definite polysulphides aro 
•obtained, namely, (XBL^S:, tetrammonium heptasulpbide, and 
(XH^Sa, tetrammonium enneasulphide. 

5. In no case is more sulphur taken up than is required for the 
formation of the compound (Ml^Sg. 

Previous experiments seemed to show that the complex poly- 
sulphides obtained might be due to the constitution of the reputed 
(ETH^S solution, that is (NH 4 ) 2 S,2NH 4 *HS + 2NH 4 -H0. When acted 
on by sulphur, (NH 1 ) 2 S,2N'H4*HS parts with H 2 S, and the residual 
group, (NH 4 ) 4 S 2 , is able to take up 5 and 7 atoms of sulphur respec- 
tively, forming the complex polysulphides (NH^S? and (NH 4 ) 4 S 9 . 
It appeared probable, therefore, that if sulphur were presented to 
diammonium monosulphide (NH 4 ) 2 S at the moment of its formation, 
the action would be simpler in its character, and that in this manner 
a solution of diammonium pentasulphide might possibly be obtained. 

Preliminary experiments showed that if a tolerably concentrated 
solution of ammonia were treated with hydrogen sulphide in the 
presence of excess of sulphur, the latter was rapidly dissolved, the 
solution acquired the deep red colour characteristic of solutions of 
polysulphides, whilst no hydrogen sulphide escaped until sulphur 
ceased to be dissolved. An examination of the product showed that 
no oxidised sulphur was present, and that it contained neither free 
ammonia nor ammonium hydrosulphide. This new method of pre- 
paring polysulphide liquors was consequently adopted in all subse- 
quent experiments. Attempts were now made to prepare a solution 
of diammonium pentasulphide by this direct method. A preliminary 
experiment showed that if strong ammonia solution were treated 
with hydrogen sulphide in the presence of excess of sulphur, the 
product, as it cooled, solidified completely, thereby defeating the 
purpose proposed. Accordingly strong ammonia solution was 
diluted with an equal volume of water, excess of finely-divided 
sulphur added, and washed hydrogen sulphide passed in; the sulphur 
dissolved rapidly and a deep red liquid was obtained. When the 
temperature of the solution fell and the hydrogen sulphide passed 
through without being absorbed, it; was poured into a flask and allowed 
to stand overnight ; some crystals of anhydrous diammonium penta- 
snlphide were deposited, but the quantity was nofe largo. Analysis of 
the mother liquor showed that the ratio !NH 4 :S was below that 
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required for diammonium pentasulphide, being that required for a 
substance of the composition (NH 4 ) 4 S 9 . 

Repeated experiments showed that in the solution the product was 
invariably (N'JBU) 4 S 9 ; and although crystals of anhydrous diammo- 
nium pentasulphide, (NH^Ss, could be obtained from it with ease, a 
solution of diammonium pentasulphide could not be prepared. This 
definitely showed that a solution of diammonium pentasulphide 
could not be obtained either by directly dissolving sulphur in a reputed 
solution of diammonium monosulphide or by treating a tolerably 
concentrated ammonia solution simultaneously with hydrogen sul- 
phide and sulphur, the product in solution being identical in both 
cases, namely tetrammonium enneasulphide, (NH 4 ) 4 S 9 , 

Diammonium Tetrasulphide. 

Attention was now devoted to obtaining crystalline diammonium 
tetrasnlphide, (NH^S*. This substance has been studied by 
Fritzsche (J. pr. Ghem 1844, 32, 313). After describing the 
method of procedure and some properties of the salt, he states that, 
on account of its instability, it is difficult to weigh the substance 
accurately for analysis, and for this reason concordant analytical 
results cannot be expected. 

In order to test Fritzsche’s method of preparing diammonium 
tetrasulphide, the following experiment was performed, following his 
directions as closely as possible. The mother liquor which had 
deposited crystals of diammonium pentasulphide (and containing a 
compound of the composition (NH 4 ) 4 S 9 ) was cooled by ice, and 
treated alternately with ammonia and hydrogen sulphide, when an 
almost solid crystalline yellow magma was obtained, as observed by 
Fritzsche. Gently heating this on the water bath, the crystals dis- 
solved, and a considerable amount of gas was evolved. On cooling, 
fern-like crystals were deposited, which, after the mother liquor had 
been poured off, were analysed. The ammonia values obtained 
(23‘08 and 23*69 per cent. NH 4 ) were not constant, and were too 
high for diammonium tetrasulphide, which would only contain 22 pox* 
cent. NH 4 . The crystals were redissolved in a little water at 40°, 
and the solution allowed to cool ; the crystals which were deposited 
were analysed with the following results : — S = 72*00 ; 74*65 per 
cent. NHi = 17*94 ; 18*03 per cent. The substance is evidently 
not a definite compound, since a variation of 2*6 per cent, is observed 
in the two determinations of sulphur. The percentage of ammonium 
has fallen, and does not correspond with that of any definite salt. 
The mother liquor from the first crop of crystals was now treated in 
the same fashion alternately with ammonia and hydrogen sulphide, 
•to give the method every chance of yielding tetrasulphide, A 
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yellowish, feathery, crystalline mass was obtained, which was sepa- 
rated from the mother liquor, pressed, &c., and analysed. It gave 
S = 57*52 and 56;56. NH 4 = 33*38 and 33 63 per cent. 

The solution of the crystals was only faintly yellow, and the treat- 
ment with acid showed that it contained but a very small amount 
of polysulphide sulphur. Apparently a high multiple grouping, 
(NH 4 ) s S.*t;NH 4 *HS, had crystallised out, the trace of polysulphide 
observed being due to adherent mother liquor which it is difficult to 
remove, owing to the nature of the crystals. 

It seems probable that the result of passing ammonia and 
hydrogen sulphide alternately through the polysulphide solution, 
(Klli^Sg, is that this polysulphide is precipitated together with com- 
pounds of the form (NH 4 ) 2 ,S.rNH 4 *HS. 

Fritzsche’s process was therefore modified. The polysulphide 
solution was treated alternately with ammonia and hydrogen sul- 
phide as before, but when the semi-solid mass of crystals had formed, 
the mother liquor was carefully poured off, and they were dissolved 
in a small quantity of water at 40 — 50°. On cooling, yellow needles 
were deposited, which, when recrystallised from, a small quantity of 
water, gave crystals of anhydrous diammonium pentasulphide* The 
mother liquor from these yellow needles, when cooled in a freezing 
mixture, deposited a yellow crystalline mass, the mother liquor was 
poured off, and the crystals dissolved in their water of crystallisation 
by warming to 20 — 30°. The fine yellow crystals deposited on cooling 
were analysed, and gave NH 4 = 21*62 and 21*67 per cent. Total, 
S = 76*00 and 76*10 per cent. S (polysulphide) = 56*79 per cent. 

These figures show that the crystals are those of hydrated 
diammonium tefrasulphide, having this composition, (NH 4 ) 2 S 4 ,£HaO 
or 4 [ (N'H 4 ) 2 S 4 ] ,H 2 0. 

Calculated for Found. 

(NH 4 )2S 4 + *H 2 0. , * 

1sTH 4 21*36 per cent. 21*63 21*G7 per cent. 

Total sulphur 75*96 „ 76*00 76*10 „ 

Polysulphide sulphur 56*97 „ 56*79 „ 

It is thus shown that, on treating a solution of tetramiuonium 
enneasulphide, alternately with ammonia and hydrogen 

sulphide, a yellow crystalline magma is obtained, which, by a modifi- 
cation of Fritzsche’s method, can be separated into diammonium 
pentasulphide, (NEQaSa, and diammonium tetrasulphide, 

The following explanation of the mode of separation is offered. 

. 1. Alternate treatment of solution of tetrammonium enneasulphide 
with ammonia and hydrogen sulphide determines the precipitation of 
practically the whole of the polysnlphide as a yellow crystalline mass 
composed of (hTH 4 ) 4 Sg and compounds of the type 
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2. On treating this mixture "with a small quantity of water at 

40 — 50°, dissolves without deposition of sulphur, owing to 

the presence of the compounds (NH 4 ) a S,adtfH 4 *HS. On cooling, 
yellow needles are deposited, [((NH*) 2 S 5 ,(M'H 4 ) a S,aK r H 4 *HS ?)], which 
yield pure anhydrous diammonium pentasulphide on recrystalli- 
sation. 

3. The mother liquor from these yellow needles deposited diam- 
monium tetrasulphide on cooling, and in this way hydrated 
diammoninm tetrasulphide can be obtained in a state of purity. 

A consideration of Fritzsche’s method for preparing the tetrasul- 
phide renders it evident that he believed the solution, from which 
crystals of anhydrous diammonium pentasulphide had been deposited, 
still contained that substance, and he relied on the power of ammonia 
and hydrogen sulphide to effect a reduction of the pentasulphide to 
tetrasulphide. In order to determine whether such reduction took 
place, crystals of diammonium pentasulphide were dissolved in strong 
ammonia solution, and treated with hydrogen snlphide; but no 
reduction to diammoninm tetrasulphide was observed, crystalline 
masses of the pentasulphide and (NH 4 ) 2 S,ajNH 4 *HS groups being 
obtained. Fritzsche’s description of the properties of his diam- 
moninm tetrasulphide is not in agreement with the behaviour of the 
pure salt, which is at once dissociated by water, with deposition of 
sulphur. Fritzsche states (J.jpr. Ohem., 1844, 32, 313) that “ tetrasul- 
phide of ammonium is easily soluble in water, and a concentrated 
solution can he kept without decomposition if well-boiled water has 
been used for its solution.” 

Fritzsche’s remarks are explained by the fact that the product 
obtained is not pure tetrasulphide, but contains 
groups. The presence of these prevents precipitation of sulphur 
from the tetrasulphide in a strong solution, and retards its precipita- 
tion if the solution he diluted. 


Diammoninm Trisulphide , 

Fritzsche (Joe. dt) attempted to prepare the trisulphide by the 
continued action of ammonia and hydrogen sulphide on the mother 
liquor from which his reputed tetrasulphide was obtained. He says, 
“ In this endeavour I have not been successful. Although I obtained 
some colourless crystals in large laminae, they proved on examination 
to be anhydrous hydrosulphide of ammonium (which therefore can 
he produced in the wet way).” 

Fritzsche does not give details of the experiments by which he 
convinced himself that these crystals were ammonium hydrosulphide ; 
the author’s experiments proved, however, that the final product 
von. r,xvn. Y 
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obtained on treating polysulphide solutions (which had yielded 
crystals of diammonium pentasulphide and diammonium tetra- 
sulphide) alternately with ammonia and hydrogen sulphide was not 
ammonium hydrosulphide. The analysis of this final product — 
namely, NH* = 33 81 and 33*79 per cent. ; S = 56 68 and 5G*73 per 
cent. — corresponds approximately with that required by the formula 
(NH 4 ) a S,24K'H4*B[S. The small amount of polysulphide mother 
liquor which the crystals retain after pressing between filter-paper 
prevents an accurate determination of their composition. 

Attempts previously made (tide p. 298) to prepare diammonium 
trisulphide, (NIIi)^, by the action of reputed solution of (NHi) a S 
on the calculated amount of sulphur in a sealed tube resulted in the 
production of hydrated diammonium pentasulphide, (NH^iS^HiO. 

Fritzsehe (J. jor. Ghem., 184*1, 24, 460) states that ammonium 
pentasulphide, when Treated with water, gives a lemon- coloured 
solution of a compound containing less sulphur. Watt's Dictionary 
(Morley and Muir, 1, 204) states that occurs as orange-red 

prismatic crystals, easily soluble in water and alcohol (although the 
study of ammonium sulphides is attributed to Fritzsehe). Experi- 
ments showed that both diammonium pentasulphide and diam- 
monium tetrasulphide are decomposed by water, depositing sulphur 
and yielding yellow solutions. It was therefore considered possible 
that solutions of diammonium trisnlphide and disulphide might be 
obtained by the decomposition of the higher polysulphides by water. 
The experiment was accordingly made, diammonium pentasulphide 
being selected on account of the ease with which it is obtained in 
a stale of purity (p. 295). The crystals were rapidly transferred 
to a wide-mouthed, stoppered bottle, anl old, recently-boilod 
water added until no further precipitation of sulphur followed the 
addition of a small quantity of water. The clear, bright golden- 
yellow solution thus obtained must contain either a mixture of poly- 
sulphides lower than tetrasulphide (trisnlphide aud disulphide) or 
one of them. 

From the results of the analysis — namely, ITH* = 0 G 9, 0*68, and 
0*68 per cent. ; total S = 2*05 per cent. ; polysulphide S = 1*37 per 
cent. — it is concluded that the solution is one of diammonium tri- 
sulphide (^TH^A, the ratio of the polysulphide sulphur to that as 
(XH*) 2 S being as 2 : 1. 


Total sulphur found 2*05 per cent. 

Sulphur as polysulphide 1*37 „ 


Sulphur as (NH^S ... 




0-68 
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Diammonium Disulphide 

The statement tbat “ An aqueous solntion may be prepared by 
dissolving S in (NH^SjAq in the proportion (NTH^S : S ” (Watt's 
Dictionary , Morley and Muir, 1, 204) has been proved to be erroneous 
(see p. 298), the polysulphide obtained under these conditions being 
hydrated tetrammonium heptasulphide, (N’H 1 ) 1 S 7 ,4H 2 0. 

A second method (Watt's Diet , Morley and Muir, loo . cit.) consists 
in passing the vapour of sulphur and of ammonium chloride through a 
hot porcelain tube and then into a well-cooled receiver. On making 
the experiment, however, it was found that the product consisted 
merely of ammonium chloride and sulphur. 

No authority is given for these methods, and in the latter case, 
having regard to the instability of the ammonium sulphides when 
subjected to the action of heat, the probability of obtaining a definite 
polysulphide by condensation, after passage through a hot tube, is 
somewhat remote. Up to the present, diammonium disulphide has 
not been obtained cithei in crystals or in solution. 

Diammonium Dnneasnlphide. 

In the course of these experiments, a solution of tetrammonium 
enneasulphide, (jSTH 4 ) 4 S 9 , had been prepared by diluting 500 c.c. of 
strong ammonia solution with 150 c.c. of water, and treating simul- 
taneously with hydrogen sulphide and excess of sulphur. The deep 
red solution deposited crystals of anhydrous diammonium penta- 
snlphide on standing ; as these crystals were required for experiments, 
the red mother liqupr was poured off into a large flask, which was 
provided with a loosely-fitting cork. After some months, it was 
observed that a large quantity of small, hard, shining crystals of a 
deep red colour had been deposited; their form is difficult to 
distinguish, as they occur in closely-aggregated, crystalline masses. 
The experimental conditions were similar to those under which 
Fritzsche claims to have obtained diammonium hoptasulphide, and 
for which search had been made by the author without success up to 
this time. 

The main bulk of mother liquor was poured off into flasks loosely 
fitted with corks, leaving sufficient, however, to protect the crys- 
tals. Some of the crystals were pressed between filter-paper, and 
analysed with the following results. KH* = 10*81 per cent. Total 
S = 86*47 and 86*55 per cent. Polysulphide S = 77*05 per cent. 
The crystals were not, as expected, those of diammonium hepfca- 
sulphide, but were richer in sulphur, and of the composition 
(lOI^aSg^HaO, hydrated diammoniftm enneasulphide, which would 
require 

T 2 



306 BLOXAil : THE SULPHIDES 

Total S. NH 4 . H 3 0. PolysulpLide S. 
Calculated for (KH 4 ) s S^H 2 0 86*49 10*81 2*70 76*88 per cent. 
Found. 86*51 10*81 (2*68) 77*05 „ 

The mother liquor from these crystals, preserved in loosely-corked 


flasks, deposited another crop of crystals which, on analysis, proved to 
he diammonium enneasulphide, containing more water of crystallisa- 
tion, 5(NH4) 2 S 8 + 4H 2 0. 

This compound is remarkable as being the highest sulphide ob- 
tained ; the crys tals when covered with mother liquor appear almost 
black, but on removal from the mother liquor are seen to be of a deep 
ruby colour and almost opaque. If rapidly freed from mother liquor 
only a thin fllm of sulphur is formed on the crystals. If the crystals 
are treated with water they are decomposed, and dissolve to a limited 
extent, yielding a pale yellow solution of a lower sulphide, whilst a 
sulphur-coated crystal is left preserving the form of the original. 

The behaviour of this salt with acids is characteristic ; the exterior 
of the crystal becomes coated with a hard mass of sulphur, which 
protects it against the action of dilute hydrochloric acid, even when 
boiled with it. In estimating the ammonium and sulphur (polysul- 
pbide), it was necessary to break down the sulphur-coated crystals 
with a flat-ended glass rod, the crystals being hard and vitreous, 
boiling with acid and repetition of the process of crushing being 
continued until the decomposition was complete. 

The crystals of diammonium enneasulphide, if pressed with a glass 
rod against a hard surface, fly to pieces, the powder having the colour 
of finely-divided potassinm dichromate. 

Diammonium Heptasuljplude. 

Throughout these experiments, no crystals of diammonium hepta- 
sulphide had been obtained, although the pentasulphide and ennoa- 
sulphide were prepared in a state of purity. 

Fritzscbe states (/. pr. Chem., 1841, 24, 460) that diammonium 
heptasulphide is formed from the pentasulphide while it is being 
drained from mother liquor; the crystals were placed in a bottle, 
which stood with the cork downwards in order to allow the mother 
liquor to drain off, air being excluded. 

“After some days, many of the crystals of the pentasulphide carried 
new, small, ruby -coloured crystals, and others bore cavities sideways 
which were filled up with the new substance ; that, however, only 
adhered loosely to the crystal out of which it had been formed. The 
decomposition becomes complete on standing for a longer time, espe- 
cially when the vessel is large and filled with dry air. The new 
compound appears then in the form of a crystalline crust, resembling 
in shape the original crystal, but larger and hollow in the centre.” 
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I found, however, that on limited exposure to air of the liquid result- 
ing from solution of crystals of diammonium pentasnlpbide in their 
own mother liquor, crystals of sulphur are deposited, together with 
diammonium pentasulphide, hut no red crystals such as Fritzsche 
described. 

Diamnionium heptasulphide has, however, been obtained by the 
simultaneous action of hydrogen sulphide and sulphur on solutions of 
ammonia ; the ammonia solutions being more concentrated than those 
used in preparation of diammonium pentasulphide. For instance, 
200 c.c. of strong ammonia solution (0*880) were diluted with 60 c.c. 
of water, excess of sulphur added, and hydrogen sulphide passed to 
saturation, the flask and contents being kept in constant agitation to 
promote solution. When the hydrogen sulphide passed through the 
solution without being absorbed, and the temperature of the solution 
began to fall, the latter was carefully poured off from the undissolved 
sulphur into another flask. Small glistening, red crystals at once 
began to form, and continued to increase even when the flask was 
placed in warm water. 

On analysis, they gave the following results : NH 4 = 12*80 and 
12*65 per cent. Total S = 78*96 per cent. Polysulphide S = 66*81 
per cent. 

These figures correspond to hydrated diammonium heptasulphide, 
3(NH 4 ) 2 S7 5 4H 2 0, for which the following values would be required. 

NH 4 . Total S. Polysulphide S. 

Calculated for 3 (jNH 4) 2 S7,4H 2 0 12*67 78*87 67*60 per cent. 

Fonnd 12*65 78*96 66*81 

The crystals when dry appeared dichroic, exhibiting a peculiar 
violet lustre. Examined with a lens they seemed to be tetrahedra. 
They maintained their form in air, becoming, however, slowly coated 
with sulphur. In contact with water, the crystals underwent decom- 
position, depositing sulphur, and yielding a pale yellow solution. 
They were only slowly attacked by dilute hydrochloric acid, but did 
not resist the action of acid so strongly as the crystals of diammonium 
enneasnlphide. 

Remarks on the Formation of FolysuljpMdes, 

The mode of formation of the polysulphides of ammonium does not 
seem to be as simple as is usually considered. The statement is made 
that in the case of diammonium disulphide, (HH*) 2 S 2 , an aqueous 
solution may be prepared by dissolving S in (NHi)*S,Aq in the 
required proportion, thus 

QtHJS + S = (STH^S* 

On heating a solution, corresponding to (NH^S, in sealed tubes 
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■with the calculated amounts of sulphur, the desired polysulphides 
were not obtained (see p. 297). 

(NH 4 ) 2 S + S gave (HH 4 ) 4 S T ,4H„0. 

(HH 4 ) 2 S + S 2 „ (NHOaSsAO. 

(NH 4 ) 2 S + S 3 „ (NH 4 )A,3iH 2 0. 

It was proved that more sulphur than is lepiosented by tho last 
equation could not be dissolved. 

On warming a moderately strong solution of (HH 4 ) 3 S with excess 
of sulphur in an open vessel, until no more of the latter is dissolved,, 
allowing to cool, pouring off the deep red solution fiom the excess of 
sulphur, and cooling in a freezing mixture, a yellow crystalline mass- 
is deposited ; this, on gently warming, dissolves in its own water of 
crystallisation, forming a deep red liquid. The composition of this 
solution is represented by the formula (NH 4 ) 4 S 8 , tetrammonium* 
enneasulphide, and in several different experiments the same com- 
pound was always produced. 

It was thought possible that the fact that the simple polysulphides 
were not formed, was due to the constitution of the reputed solution 
of (NH^S, which, as has been shown, has not this formula, but must 
be regarded as a solution of (NH^S^NH^HS -f 2 NH 4 -HO. 

In the hope of obtaining tbe simple polysulphides by the action of 
sulphur on (HH 4 )^S at the moment of its formation, another method 
of preparation was attempted. Hydrogen sulphide was passed into 
a solution of ammonia, of a strength corresponding to the solution of 
(HH 4 ) 2 S,2NH 4 -HS + 2HH 4 *HO previously used, in the presence of 
sulphur, as already described. The solution obtained, however, 
had also the composition (HH^Ss, and was proved to be free from 
ammonium hydroxide or hydrosulphide by means of the cupric 
sulphate test. It was also free from oxidised sulphur. 

It would seem then that whichever method of preparation was 
adopted the polysulphides obtained contain four ammonium groups. 
Thus the solution containing (HH0A2HBVHS + 2NH 4 -HO will 
dissolve sulphur in the cold with evolution of some hydrogen 
sulphide, and if it he agitated when no more sulphur is dissolved 
tetrammonium heptasulphide, (HH^S,, crystallises out. 

Ou warming solutions containing (JSrH 4 ) 2 S,2NHVHS + 2HH 4 *HO 
with excess of sulphur, the chief product obtained is tetrammonium 
enneasulphide, (HH 4 )J3 9 . 

Ho experimental evidence could be obtained of the direct formation 
of the simple or diammonium polysulphides. 

It appears that when a solution containing flSTH 4 ) 2 S,2NH 4 *HS -f 
2 NH 4 -HO acts on sulphur, the compound (NE^S^NH^-HS loses 
hydrogen sulphide, and, according to the conditions of experiment, 
takes np 5 or 7 atoms of sulphur. '* 
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(a.) (NH 4 ) 2 S,2NH t -HS + S 5 = (NH 4 ) 4 S 3 -S 5 + H 3 S. 

(6.) (NHOAaNH.-HS + S, = (N-H 4 ) 4 S s -S 7 + H a S. 

The saturated red liquor obtained by the action of a solution of 
(NH 4 ) 2 S, 2 NH 4 *HS on sulphur cannot be induced to take up more 
sulphur than enough to form tetrammonium enneasulphide (NH 4 ) 4 P 9 , 
and it would appear that all the simple or diammonium polysulpliides 
obtained are secondary products, formed by the decomposition of 
tetrammonium enneasulphide under varying conditions of temperature, 
concentration, &c. 

Thus, when the original saturated red solutions of the enneasulphide 
are of suitable strengths, the following simple or diammonium poly- 
sulphides can be obtained. 


(NH 4 ) 2 S 5 = diammonium pentasulphide. 

(NH 4 ) 2 S 7 = „ heptasulphide. 

(ETH|)»S» = „ enneasulphide. 

But in all cases the mother liquors left after separation of the crystals 
have a lower sulphur value than is required by (HHOJSS®. Also by 
alternately treating a solution of the enneasulphide with ammonia and 
hydrogen sulphide, and by slightly modifying Pritzsche’s process 
(see p. 302), it f has been found possible to resolve tetrammonium 
enneasulphide, (NTH 4 ) 4 S 9 , into diammonium pentasulphide, (NB^) a S 5 , 
and diammonium teti asulphide, (NH 4 ) 2 S 4 , both these substances 
being obtained pure. 

The study of the exact conditions under which tetrammonium 
enneasulphide will yield the diammonium polysulphides is greatly 
complicated by the circumstance that it is decomposed by water, and 
up to the present no vehicle has been found available for its 
recry stallisation. 

The author wishes to express his acknowledgment of the services 
rendered by his assistant, Dr. W. J. McKeirow, who has in the 
course of this work displayed much resource in meeting the many 
difficulties encountered. 


XXXVI . — Note on the Action , in the Gold , of Diastase 
on Starch-paste . 

By Horace T. Brown, F.R.S., and G. Harris Morris, Ph.D., FXC. 

Amongst the fundamental facts which must be taken into account in 
any serious attempt to explain the changes which occur during the 
transformation of starch by diastase, there is none of more import- 
ance than the well-marked relation which always exists between the 
opticity and the cupric reducing power of the products of the 
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hydrolysis. Given the cupric reducing power of the mixed conver- 
sion products at any stage of the transformation between soluble 
starch and maltose, it is possible, with a remarkable degree of 
accuracy, to predict the polarimeter reading, and consequently the 
specific rotatory power of the matter in solution ; whilst, on the other 
hand, if the specific rotatory power of the starch products has been 
determined, the cupric reduction can be deduced from this with 
equal accuracy. This important generalisation, which naturally 
follows from the early work of O’Sullivan on the end-products of 
the action, was proved to be correct by the work of one of us in 
conjunction with Heron (Trans., 1879, 33, 596 — 655), and was 
further confirmed and strongly insisted upon in our paper on the 
“ Non-crystallisable Products of the Action of Diastase on Starch, ** 
published in 1885 (Trans., 1885, 47, 527— 570). In the last- 

mentioned paper, we showed that the striking relation between 
opticity and cupric reducing power holds good not only for the 
mixed products of transformation at any stage of the reaction, but 
also for any fractionally separated portions of the products, no 
matter whether this separation has been brought about by fractional 
treatment with alcohol, by dialysis, or by any other means. In all 
these cases, the whole or any fractional part of the products can 
always be expressed, quite consistently with the opticity and cupric 
reducing power, in terms of maltose having a specific rotatory power 
of (cOja-gclSO 0 . and a reducing power of * 3.86 61; and of a non- 
reducing dextrin of (a)j 3 .g 6 216°. This is quite independent of any 
consideration as to the true nature of the intermediate products 
between starch and maltose, and may, for our present purposes, be 
regarded as merely au empirical generalisation, based on such a large 
amount of experimental evidence as to admit of no doubt. 

Strange to say, this constant and consistent relation of opticity and 
cupric reducing power has been altogether ignored by recent workers 
on starch hydrolysis, and we are, in consequence, frequently asked to 
accept as homogeneous substances and chemical entities, fractionated 
products having opticities and cupric reducing powers hopelessly at 
variance with each other. 

We shall have occasion, at no distant date, of enlarging on this 
point in a re-examination of the whole question of starch hydrolysis 
by diastase; our only reason for commenting on it at the present 
time is to call attention to au apparent exception to this rule of con- 
sistent opticity and cupric reduction, which first came un der our/ 
notice 16 years ago, and of which, at that time, an erroneous expla- 
nation was given. 

In the 1879 paper above mentioned (Brown and Heron, loo. cit .) 
jt was noted that when starch transformations are brought about by 
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the action of diastase (cold water malt- extract) at ordinary tempera- 
tures , the optical activity of the mixed products is lower than it 
ought to be from a consideration of the cupric reducing power, if the 
above generalisation is to be accepted. Thus, in one experiment in 
which 3*7 grams of starch, in the form of starch-paste, had been 
acted on by 10 c.c. of normal malt-extract for 60 minutes, the follow- 
ing results were obtained for the final products. 

(a) j3 . M 157*5° 44*1. 

Now this reducing power indicates the presence of 100 X 44*1-5-61 = 
72*3 per cent, of maltose in the mixed products, and if the remainder 
is dextrin, the mixture ought to have an opticity of (a),^ 168*4°, 
instead of the 157*5° actually observed. On standing for three hours 
longer, both the opticity and the reducing power were found to me, 
the specific rotatory power and cupric reduction being then as 
follows. 

(aVse 163*6° *3.* 49*7. 

The reducing power now corresponds to 81*5 per cent, of maltose, 
and if the balance cf 18*5 per cent, is supposed to be dextrin, the 
calculated opticity becomes 162'2° against 161*6° actually observed. 

This phenomenon is always observed in transformations of starch- 
paste in the cold, that is, the observed angle is at first too low for 
the reducing power, but becomes consistent with it if left for some 
time. This was explained at the time as probably arising from the 
dissolution and gradual hydrolysis of a small quantity of starch- 
cellulose, but the explanation was never deemed satisfactory or 
sufficient. 

At the time these observations were published, the so-called u half 
rotation 99 of maltose had not been recognised. It is true that the 
birotation (as distinct from the half rotation) of certain of the carbo- 
hydrates had already been observed, but it had beep expressly stated 
by certain observers that maltose did not possess this property. 

The term 6t half rotation ” was first used by Schmoger to express 
the fact that the optical activity of one variety of milk sugar was 
found to be less in a freshly-made solution than in one which had 
stood for some hours, or had been boiled. Shortly afterwards the 
same observation with regard to maltose was made by Meissl and 
others, and the difference between the specific rotation in freshly- 
prepared solutions, and in solutions which had stood for some time, 
was given as from 15° to 20°. 

The following are the details of the specific rotation of pure, crys- 
tallised maltose, which we ourselves have observed under the -50 
■circumstances. 
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Solutions freshly Solutions after 
prepared. boiling. 

(aV 83 133 '5° 150-2°, 

showing a difference of 16*7°. 

It was shown hy C. O’Sullivan and Tompson in 1890 (Trans., 
1890, 57, 920), that when cane sugar in aqueous solution is inverted 
hy invertase in the cold, the dextrose at the moment of hydrolysis is 
liberated in the birotatory state. It was also found that the birota- 
tion, both in this case and in the case of a freshly-prepared solution of 
the crystalline sugar, is instantly destroyed by the addition of a small 
amo unt of potassium hydrate. Later, Schulze and Tollens (Amialen, 
1892, 271, 49) furnished experimental proof that the same effect is 
produced by the addition of 0*1 per cent, of ammonium hydrate. 

The observations of O’Sullivan and Tompson suggested to us the 
possibility that the abnormal results observed on hydrolysing starch- 
paste in the cold were due to the liberation of the maltose in the 
“ half rotatory ” state, and the probability of this was rendered still 
greater by the fact that these abnormal starch conversions rapidly 
become normal on standing or on heating, and also by the fact that, 
when at their maximum divergence from the rule stated above, the 
results may be regarded as indicating the existence, besides the 
dextrin, of a substance having an opticity of (a) j3 . 86 135*1°, approxi- 
mately that of “ half rotatory ” maltose. 

In order to place this conclusion beyond doubt, some comparative 
experiments were made with starch conversions in the cold, both 
with and without the addition of alkali. 

Ammonium hydrate was chosen as being the most convenient 
alkali to use, and its action was in the first place tried on a freshly- 
prepared cold solution of ciystallised maltose. A 5 per cent, solution 
of the maltose having been prepared, its optical activity was at once 
determined. The'solution was then divided into two parts ; to one 
0*1 per cent, of ammonia was added, the other was boiled for a fow 
moments. The following results were obtained. 

Spocific lotation. 


Freshly-prepared solution 133-5° 

Solution after addition of ammonia ........ 150*3 

„ „ boiling 150*3 


The “ half rotation ” of tie maltose in the freshly-prepared solu- 
tion had been, therefore, instantly destroyed by 0*1 per cent, of 
ammonia, as also by boiling the solution. 

A 4 per cent, starch-paste was then prepared, and, when cold, was 
hydrolysed with cold water malt-extract at the rate of 8*33 c.c. per 
100 c,c. At the end of 30 minutes, the solution, which had under- 
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gone conversion, was divided into two paits. To one of these, A, was 
added salicylic acid in the proportion of 0*05 gram per 100 c.c., in 
order to stop the action of the diastase, and thus to stereotype the 
starch products until a rapid analysis could ho made ; whilst to the 
other portion, B, 0T per cent, of ammonia was added. The results 
were — 

A. B. 

[ a ]/3-b. 156*4° 167*9° 

a*.86 45*03 44*39 

In A, the angle calculated from the reducing power, on the assump- 
tion that dextrin and ordinary maltose alone are present, should be 
167*2° instead of 156*4° the angle actually observed ; whilst the addition 
of the ammonia had suddenly brought up the angle, and the conversion 
is quite a normal and consistent one, the angle calculated from the 
reducing power being 167*97° against 167*9° actually observed. 

If in A we take the value of the rotatory power of maltose at 
135*3°, that is, approximately the specific rotatory power of “half 
rotation” maltose, the angle of the mixed products of transformation, 
calculated from the reducing power, agrees exactly with the observed 
angle. 

A further experiment was made, under identical conditions to the 
last, but using soluble starch, prepared by the action of dilute hydro- 
chloric acid on starch granules in the cold, instead of starch-paste. 
The results agreed closely with the foregoing, and were as follows : 
A being the conversion stopped with salicylic acid, and B that to 
which was added 0*1 per cent, of ammonia. 

A. B. 

[«v 86 153*9° 165*8° 

*3.8e 45*52 46*6 

When the values in A are calculated out in the manner previously 
described, they require the maltose to have a specific rotatory power 
of 132*8°, a number which closely approximates to the angle of “ half 
rotation,” whilst B gives numbers which are theoretically correct*, 
and absolutely consistent with the presence of maltose and dextrin 
only, having the values given above. 

Wo consider that these experiments conclusively prove that in 
starch transformations made with diastase in the cold, the maltose is 
liberated in the ec half rotatory ” state, and that the apparent tem- 
porary departure from the ordinary rule of starch hydrolysis, namely, 
that the specific rotation must always bear a certain constant relation 
to the cupric reducing power, is due entirely to this fact. We have 
no doubt that the same fact explains the discrepancy in the results 
obtained by the action of malt-extract on bruised starch granules in 
the cold ; a discrepancy which was commented on in the paper pre- 
viously mentioned. 
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XXXVII . — Titration of Iodine Solutions with Barium 

Thiosulphate. 

By R T. PLiMProN, Ph.D., and J. C. Chorley. 

Some years ago, we were led to examine the properties of barium 
thiosulphate with a view of finding a substance which could easily bo 
obtained pure, and suitable for the purpose of standardising iodine 
solutions. We found that barium thiosulphate possessed many 
advantages over sodium thiosulphate, arsenious oxide and other sub- 
stances in this respect, and, afrer considerable experience of its use, 
can recommend it with some confidence. 

The salt, which is only slightly soluble in cold water, reacts readily 
with iodine, and, as the product of its oxidation, namely the tefci-a- 
thionate, is soluble, the progress of the action i3 marked by the 
gradual disappearance of the suspended crystals. The high molecular 
weight of barium thiosulphate, BaS>0s,H 2 0 — 267 parts corresponding 
to 127 parts of iodine — is another advantage, and it leaves nothing 
to be desired with regard to the ease with which it can be prepared 
pure, or to its stability. 

In our early experiments, the results obtained were very irregular, 
and we accordingly carefully examined the salt for various impurities 
without however being able to detect any. It was afterwards found 
that the error lay in drying the substance at 100°, at which temper- 
ature part of its water is lost. Pape states that the salt gives off its 
water at 215°, and Rose, that it retains its water of crystallisation 
with great tenacity ; but Letts (this Journal, 1870, 23, 424) found 
that all the water is expelled at 100°. Not being aware of Letts’ 
statement at the time, we made fresh experiments on the behaviour 
of the salt in this respect. 

2*515 grams dried for five horn’s at 56 — 58° lost only 1 milligram, 
but at 68 — 70° there was a loss of 0*018 in the same time, and 
after long drying at this temperature, 88 per cent, of the water 
was expelled; the salt was eventually obtained anhydrous at 120°, 
0*169 gram being lost instead of 0*1695, calculated. 

Preparation . — 40 grams of barium chloride dissolved iu 300 c.c. of 
water is poured into a solution of 50 grams of sodium thiosulphate in 
the same quantity of water, both solutions being warm; the fine 
crystalline powder which separates on stirring is collected, thoroughly 
washed with cold water, partially dried on a porous plate, and finally 
at a temperature of 25 — 30°. It is better not to employ a pump, or 
to compress the powder in any way which would cause it to cake. 
The dry powder when properly’prepared forms no lumps on shaking 
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with water, and is then quickly acted on by iodine. Using the abo vc 
quantities, about 37 grains of thiosulphate is obtained. 

Titration . — A convenient quantity of the thiosnlphate is weighed 
and placed with some water in a stoppered bottle. The iodine 
solution is then gradually run in, with constant shaking, until only a 
small quantity of thiosulphate remains. Starch is then added and 
the titration completed, care being taken to make sure that the blue 
colour remains after vigorous shaking. BaS 2 0 3 ,H 2 0 (267) = I (127)* 
We have found the results obtained by this method uniformly 
satisfactory, and the thiosnlphate may be kept for an indefinite time 
without apparent change. On examination, a specimen which had been 
prepared about three months before showed no sign of alteration. 

Wishing on one occasion to have independent testimony as to 
results to be obtained with barium thiosulphate, we sent some of 
the substance to Air. A. 0. Chapman, who was kind enough to make- 
the following determinations with a specially prepared solution of 
pure iodine. 

1. Iodine indicated 0*0951 gram. Taken 0*0955. 

2. „ „* 0 2378 „ „ 0-2380. 

3. „ „ 0-2854 „ „ 0-2855. 


XXXVIII . — On Latent Heat of Fusion. 

By Holland Crompton. 

It is with the object of contributing to our knowledge of the rela- 
tionship between latent heat of fusion and chemical constitution that 
the results recorded in the present paper are brought forward. 
Although incomplete in themselves, and at present purely of an 
empirical character, it is hoped that they may at least serve to* 
encourage further investigation, and to indicate the direction in which 
more definite results may be expected. 

Attention has been primarily given to the entropy change attending 
the passage of the molecule — or, in the case of elements, of the atom 
— from the solid to the liquid state. A measure of this qnantity is 
obtained by dividing the molecular — or atomic — latent heat of fusion 
by the absolute temperature of fusion. Throughout this paper, the 
symbol w is taken to indicate the latent heat of fusion of unit weight 
of substance ; p is this number multiplied by the molecular — or atomic 
— weight, the quantity that is called the molecular latent heat of 
fusion ; and T is the absolute temperature of fusion. The entropy 
change above alluded to is given, therefore, by the quantity p/T. 

In the case of the metallic elements, an examination of the values 
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of />/ T shows that these are approximately proportional to the valen- 
cies of the elements, or, in other words, if these values are divided by 
the valencies, a constant is obtained. There is, therefore, a practically 
constant entropy change in the passage of equivalent quantities of 
the metallic elements from the solid to the liquid condition. Tho 
numbers given in Table I, the fifth column of which gives the valen- 
cies, v, and the sixth the values of the constant 0 = p(Tv, illustrate 
this point. 

T vtjle I. 


Metal. 

ID. 

T. 

P 

V, 

a 

Mercury 

2 82 

234 

565 

2 

1-207 

Gallium 

19*11 

286 

1336 

3 

1*557 

Tm 

13*32 

503 

1373 

2 

1*563 

■Cadmium 

13*66 

593 

1531 

2 

1*291 

Bismuth 

12*51 

540 


3 

1-603 

Bead 

5*62 

598 

1163 

2 

0-972 

Zme i 

28*13 

688 

1839 

2 

1-386 

Silver. 

21 *07 

1272 

2275 

1 

1-789 

Palladium 

36 *30 

1773 

3873 

2 

1-092 

Platinum. 

27 *18 

2052 

5295 

2 

1-290 





Mean 

= 1-370 


The table contains all the metals the latent heats of fusion of 
which are at piesent known with any degree of certainty. Taking 
into consideration the somewhat large margin for possible error 
that must be allowed in the valnes of both w and T in these cases, 
the agreement between the numbers in the sixth column is satis- 
factory. Where the valency of the metal varies, as for instance 
with tin, bismuth, and load, the valency in the lower compounds, in 
which the electro-positive character of the element is most pro- 
nounced, has been taken. This selection is in keeping with tho 
general results of this paper. 

A consideration of the non-metallic elements shows that the law 
which has been enunciated for the metals cannot be directly extended 
to these. The latent heats of fusion are only known for four of the 
non-metals— bromine, iodine, phosphorus, and sulphur. Bromino and 
iodine, to be in any sense in keeping with the metals, would have to 
be considered as acting with triad valency, an assumption that is 
perhaps not so completely unjustifiable as would at first sight appear, 
when it is remembered that the valency with which the atoms of the 
free element combine with one another is quite unknown, and that 
in the existence of the compound ICI3 we have presumptive evidence 
that one halogen may behave with triad valency towards another. It 
will also be shown later on that, in their compounds generally, it is 
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necessary to assume a triad valency for the halogens as far as the 
latent heat of f asion is concerned, in order to bring the behaviour of 
these compounds into harmony with that of other substances. Phos- 
phorus and sulphur exhibit a behaviour which is entirely different, 
and one that is in all probability characteristic of the non-metals, 
with the exception of the halogens and oxygen. For in the case of 
these two elements, the quantity p/T is not directly but inversely 
proportional to the valency, and, in order to obtain the constant, 0 , 
this quantity must be divided by the reciprocal of the valency. The 
values for the above-mentioned non-mefcallic elements, obtained in the 
manner indicated, are given below. In this table, v, for phosphorus 
and sulphur, is the reciprocal of the valency. 


Table II. 


Element. 

w. 

T. 

P • 

V. 

a 

Bromine 

16*185 

265*7 

1294 

3 

1*623 

Iodine 

11 -71 

387 

1485 

3 

1*278 

Phosphorus 

5 03 

317*2 

156*1 

0*33 

1*476 

Sulphur. 

9*368 

388 

300*3 

0*5 

1*548 





Mean 

- 1*481 


It is now possible to extend the method employed above in con- 
sidering the latent heats of fusion o£ the elements to compound 
substances. In doing this, the principles to be adopted as derived 
from the results hitherto obtained are to consider the values of p/T as 
directly proportional to the valency in the case of metallic or electro- 
positive elements, and as inversely proportional to the valency in the 
case of non-metailic or electro-negative elements. Assuming, there- 
fore, that the regularities which apply in the case of the free elements 
can without any modification be directly applied to the same elements 
in their various compounds, wc should expect that on taking the pro- 
duct, p, of the latent heat, iv, and the molecular weight, M, and 
dividing it by the product of the absolute melting point, T, and the 
sum of the valencies or their reciprocals of the different atoms in the* 
molecule of the compound — a quantity to which the symbol So may 
be given — the constant 0 would be obtained. 

It is, however, obviously improbable that a rule which holds in the 
case of the free elements should be capable of immediate extension, 
without any modification, to compounds. This is further shown 
when the numbers obtained by the method indicated are examined, 
the discrepancies among the numbers themselves, and the wide 
divergencies from the mean values previously obtained for 0 , proving 
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at once that some modification of tlie general law is necessary before 
it can be extended to compounds. 

This modification appears to be contained in the assumption, that 
whenever an electro-positive element is directly united to an electro- 
negative element, the value of v for the electro-positive element must 
be considered as reduced by an amount which is equal to its own valency 
divided by that of the element to which it is united. Thus, if an 
electro-positive element, having the normal valency 1, were united to 
carbon, v would have to be considered as reduced to 0*75 ; when 
united to triad nitrogen, v would be reduced to 0*666, with pentad 
nitrogen to 0*8, and so on. 

In addition to the above, a number of other points appear in the 
investigation of the behaviour of compounds. 

In the first place, the valne of v for hydrogen mast be considered 
as somewhat less than nnity. The number 0‘ 75 has been chosen 
empirically, and is used throughout this investigation to represent 
the value of v for hydrogen. 

Secondly, the halogens are considered throughout as having the 
value v = 3, as has been already stated when discussing the behaviour 
of bromine and iodine in the free state. It is also necessary to 
assume that the halogens and oxygen behave in their compounds like 
the electro-positive, and not like the rest of the electro-negative 
elements. 

Lastly, if an element has a greater valency than unity, the active 
valency as affecting the latent heat of fusion must be considered as 
definitely modified by the mode of union with other elements. Thus 
oxygen, which has a full valency of two, acts with this valency only 
when it is directly united to two other monad atoms or radicles, or 
generally in compounds of the type R' — 0 — R/ ; hut when both of 
the bonds of the oxygen atom are occupied by one and the same diad 
atom or radicle, as in the compound R/'mO, the active valency of 
the oxygen can only be regarded as unify. In other words, in esti- 
mating the active valency of an element, it is necessary in this 
investigation to leave out of account what may perhaps be termed the 
latent bonds of union, and to consider a double or triple linking to 
have only the valne attaching to a single one. The case of carbon 
offers a good illustration. 

-C- is considered as tetrad, and has the valency 0*25. 
is considered as triad, and has the valency 0*33. 

=C- and =C= are considered as diad, and have the valency 0*5. 

This change in the active valency of an element has, however, no 
effect on the influence already described, which an electro-negativo 
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element is considered as exercising oyer an electro-positive element, 
this influence being invariably inversely proportional to the full 
nominal valency of the electro-negative element. 

As an illustration of the method of applying the above rules, a 
calculation of in the case of sulphuric acid may here be given. 
Assuming that sulphuric acid has the usually accepted constitution 
02 S( 0 H) 2 , we have in this compound in the first place a hexad sulphur 
atom, two of whose bonds are latent, and the value for v of which is, 
therefore, that which would attach to an electro-negative tetrad atom, 
namely, 0*25. The sulphur is directly united to four oxygen atoms, 
two of whose total of eight bonds are latent. The full value of v for 
the oxygen atoms would, therefore, be 6, but as oxygen acts as an 
electro-positive element, and is here attached to a hexad electro-nega- 
tive element, this value must be reduced by ^ x 6, and tbe final value 
is, therefore, 5. The two hydrogen atoms have a value for v of 1*5, 
which requires no further modification, as here electro-positive hydro- 
gen is united directly to electro-positive oxygen. Summing the 
values thus obtained for sulphur, oxygen, and hydrogen, we finally 
have for sulphuric acid 'S.v = 6'75. 

Table III contains the values obtained for 0 in the case of inorganic 
compounds. Several of these are salts containing water of crystal- 
lisation, and in these cases, in the absence of any guiding principle, 
each molecule of water present has been given the value of v, which 
attaches to it in the free state, except in the case of the compound 
HgSOijHaO, for which the constitution OS(OH) 4 has been assumed. 

Table III. 


Compound. 

10 . 

T. 

n 

H 

(7. 

Water, H 2 0 

7 9-89 

278-0 

1439 

ivi 

1-50$ 

Chloride of iodine, IC1 

14*15 

289*5 

2297 

6-0 

1-322 

Sulphuric acid, 0 2 S(OH) 2 

24-08 

283 *5 

2355 

6-73 

1-232 

„ monohydrate, OS(OH) * .... 
Hypophosphorus acid, OPH 2 (OH) .... 
Phosphorous acid, OPH(OH) 2 

30 *92 

281 *5 

4631 

10-70 

1-538 

36*36 

290*4 

2400 

4-60 

1*797 

37-44 

291*0 

3070 

6-35 

1*661 

Phosphoric acid, OP(OH) 3 

25-71 

291 *0 

2520 

7*90 

1-096 

Lead chloride, PbCl 3 

20*00 

758-0 

5806 

8-0 

0-958 

Lead bromide, PbBr 2 

12*34 


4526 

8-0 

0-742 

Lead iodide, Pbl s 

11-50 

648*0 

5297 

8*0 

1-021 

Potassium nitrate, O s N (OH) ......... 

48*90 

■MUM 

4949 

4*53 

1-801 

Sodium nitrate, 0 2 N(0Na) 

Calcium chloride, CaCl 3 6H 2 0 

Calcium nitrate, CaN 2 0 6 4H 2 0 j 

Sodium phosphate, NaJIPOilSHsO ... 

64-87 

578*5 

6520 

4*53 

2-105 

40-70 

E5 S3 

8909 

29-0 

1-019 

33*49 

815-4 

7907 

23-07 

1-087 

66*80 

309*4 

23920 

50-40 


Sodium thiosulphate, Na 2 S s O j5H 2 0 ... 

37*60 


9332 

24-75 


Sodium chromate, NaKjCrO 4 i0H 2 O . . . . . 

37*43 


12850 

42-25 

D 

* 

** 




Mean — 

1*340 
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It will be seen on reference to the table that the greatest variation 
from the mean value of G is observed, more particularly in cases in 
which the accurate determination of either w or T, or of both, would bo 
likely to present difficulty. This is the case, for example, with the 


Table IV. 


Compound. 


Formic acid 

Acetic acid 

Laurie acid 

Myristic acid 

Palmitic acid 

Stearic acid 

Plienylacetic acid 

Crotonic acid 

G-lycerol 

Hetliylic oxalate 

Spermaceti 

Urethane 

Ethylene dibromide ....... 

Chloral hydrate 

Bromal hydrate 

Benzene 

Paraxylene 

Paradiclilorobenzcne 

Paradibromobenzene 

Parabromotoluene 

Bichloroparaxylene 

Bichlorortho-xylene 

Dichlorometaxylene 

Bibromorfcho-xylene 

Dibromometaxylene 

Tetrachloroparaxylene 

Tetraehlororfcho-xylene .... 

Nitrobenzene ............. 

Metaehloromtrobenzene. . . . 

Paracbloronitrobenzene .... 

Paratoluidine 

Paracliloraniline 

Phenol 

ParacresoL 

Thymol...... 

Orfchonitrophenol 

Naphthalene. 

Nitronaphthalene 

*-Naphthylamine 

Biphenyl ji 

Benzopbenone ' 

Biphenylamine 1 

Azobenzene 



Menthol , 


57 *38 

265*5 

2640 

3*89 

2*556 

44-34 

27 1 *2 

2001 

5-27 

1-822 

44-90 

316 *4 

8985 

19*02 

1*494 

47 *50 

326 *8 

10S36 

21 -77 

1*523 

39-2 

328*0 

10040 

24-32 

1-248 

17 *6 

837-0 

13520 

27-25 

1-472 

25*4 

347*9 

3454 

9*53 

1-013 

23-3 

310-4 

217C 

7-06 

0*905 

42*5 

280 *0 

3911 

10*31 

1-327 

42*6 

322 *5 

6027 

9*05 

1 722 

36 98 

316*9 

17761 

46*33 

1*210 

40*8 

321-7 

3634 

7-22 

1*504 

12-94 

280-9 

2432 

7-25 

1*194 

33 *22 

319*0 

5491 

12 31 

1-399 

1C *9 

319*0 

6053 

12*31 

1-287 

29-9 

278*4 

2333 

5 *37o 

1-359 

39 *3 

239*0 

4168 

8*13 

1*774 

29 *9 

325*5 

4395 

8*75 

1*513 

20*6 

357 *9 

4802 

8-75 

1-552 

20 *15 

289*5 

3446 

8*41 

3*410 

32-70 

373*0 

5721 

11 *5 

1-334 

29 *00 

328 *0 

5071 

11*5 

1*312 

26 *70 

307 *0 

4671 

11*5 

1-323 

21*25 

368*0 

0101 

11 *5 

1*513 

21 *45 

350*0 

5662 

11-5 

1*107 

22*10 

368*0 

5389 

1 1 *88 

0*981 

21 *00 

359*0 | 

5131. 

11 88 

0*938 

22*30 

263*8 1 

2711 

6*71 

3*513 

29 1 

310*8 

1632 

8*13 

1*775 

21 *4 

355*0 

3370 

8*43 

1*126 

39 0 

311*9 

4177 

7*52 

l *781 

37*2 

312*0 

4712 

7*83 

1 *771 

2*1*93 

298*4 

2341 

7*06 

1*113 

26*3 

307*0 

2810 

8*11 

1 *006 

27*5 

321 *2 

4127 

12*56 

l *023 

26*8 

315 *8 

3725 

8*43 

1 *399 

35 *60 

352 *7 

4559 

8*17 

3*082 

25*32 

329*0 

4383 

9 *64 

1 *396 

22*3 

320*5 

3189 

8*91 

1 *113 

28*5 

313*2 

4391 

9*62 

1 330 

23*7 

321 *0 

4313 

10*70 

1 *256 

21*30 

321*0 

3602 i 

10*15 

1-001 

28 5 

342 *0 

5187 

10*02 

1*128 

21*6 

307*6 

4277 

10*95 

1*270 

18*9 i 

315*0 

2948 

?1G*01 

A ^ 

1 o# ^ 




Mean — 

"®1\ 7)0 
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halogen compounds of lead and the nitrates of potassium and sodium. 
The extreme variation noticed in the case of lead bromide is doubt- 
less of this origin. For it must be regarded as improbable that, on 
the one hand, the melting point of the bromide should be higher than 
that of the chloride, and at the same time so far removed from that 
of the iodide, and that, on the other hand, the latent heat of fusion 
of the bromide should be so nearly equal to that of the iodide, and 
so far removed from that of the chloride. 

The organic compounds whose latent heats of fusion have been 
directly determined are considered in Table IV. The necessary data 
have been obtained from Landolt and Bornstein’s tables, the results 
of Eykman (Zeit. physikal . Ghem., 1889, 4, 497) and those of Bruner 
1894, 27, 2106). The method of calculating Sv is that already 
described. 

Eykman {Zeit. physical. Ghem ., 1889, 3, 208, and 1889, 4, 515) gives 
the latent heats of fusion of a number of organic compounds, calculated 
from the molecular depression of their melting points by means of 
van’t Hoff’s formula. These, except in cases where the latent heat 
of fusion has been directly determined, are included in Table V. The 
values of w, T, and p are those given by Eykman, except in the case 
of acetoxime, where there is an obvious error in the value given 
for p . 

Table V. 


Compound. 

w. 

T. 

i 

, 

s . 

c. 

Capric acid 

40-6 

.303 

1 6983 

1G*27 

1*417 

Phenylpropionic acid 

{Stearin 

24 *8 

322 

3730 

10*89 

1*061 

47*3 

343 

1 42100 

83*12 

1*477 

Ethal 


322 


24*81 

1*039 

Chloral alcoholate. 


319 

5225 

14*88 

1*101 

Acetoxime 


333 

3022 

6*79 

1*336 

Urethylane 


325 

3637 

6*86 

1*909 

Diphenylmethane 


300 

4553 

liSo] 

1*380 

Anethoil 


294 

■Mi 

10*93 


Parabromophouol 

t 

337 

, 3961 

1 

i 

i 

8*75 

Meu,n = 



The 55 organic compounds that have here come under considera- 
tion afford generally a confirmation of the principles adopted, and of 
the relationship which it is sought to establish. Several points, 
however, in connection with the results obtained deserve special con- 
sideration. 

Thum oases of marked exception occur, the one that of menthol 
,r^ives a value for G = 0*584, which is far too low, and the 
l that of formic acid, the value of 0 for which, 2*556, is abnorm- 
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ally high. A source of error in the case of menthol arises from the 
fact that it is impossible at present to correctly estimate the value of Su 
for this compo un d ; and this, together with the possibility of error in 
the latent heat determination, may, perhaps, to some extent, acconnt 
for the discrepancy observed. At the same time, if menthol may ho 
regarded as a substance of phenolic character, it would probably, like 
the rest of the phenols, give a low value for 0 . 

In the case of formic acid, the exceptional value for 0 probably 
arises almost solely from the method adopted in calculating Sr. The 
usual formula H-COOH has, of course, been accepted, but several 
considerations render it probable that to formic acid in the liquid 
condition some other constitution applies. From the aldehydic cha- 
racter of formic acid alone, it is highly probable that polymerisation 
might occur at low temperatures, and the work of Ramsay and Shields 
(Trans., 1893, 63, 1089) affords evidence that the molecule of liquid' 
formic acid is of a complex nature. Hence to the ordinary molecule 

either the structure j^>C< or even may apply. The 

first of these would give S® = 4*57, and the second 4*75, and in either 
case the value of G would be considerably reduced, although still re- 
maining abnormally high. 

The high value which acetic acid gives for 0 may, perhaps, be 
explained in similar manner. The results obtained by Ramsay and 
Shields ( Joe . cit .), the abnormal vapour density, and the formation of 
the so-called diacetates of the alkali metals, all favour the view that in 
the liquid state the acetic acid molecule has undergone polymerisation, 

CHs-OOH 

perhaps to form the grouping 0<>0 (Meyer and Jacobson, 

CHs-OOH 

Lekrluch der Organischen Chemie , 1, 321). This would give a value 
of 5*94 instead of 5*27 to the Si? for acetic acid, and the value for 0 
then becomes 1*616. 

The fatty acids generally, with exception of palmitic acid,tho latent 
heat of fusion of which is, perhaps, incorrectly given (compare 
Bruner, Ber., 1894, 27, 2106), afford numbers for G which me 
higher than the mean value. The phenols, on the other hand, yield 
numbers which are lower than the mean. These facts point to im- 
perfections in the present empirical method of estimating Si?, from 
which probably arise a large number of the discrepancies observed in 
the tables. More will be said about this point later on. 

Attention should be finally called to the fact that the latent heat of 
fusion is a quantity the accurate determination of whi ch presents 
great difficulty, and in the value for which a considerable jgaargin 
must generally be allowed for experimental error. The direct cfeter- 



CROMPTON: LATENT HEAT OP FUSION. 


323 


urinations can fortunately be to a certain extent checked by the 
cryoscopic method, but in a number of cases the two methods have 
not given concordant results, thus showing that an error probably exists 
in either the one result or the other. This is especially marked with 
palmitic acid, a - naphthyl am in e and diphenylamine, where the cryos- 
copic method gives much higher numbers than have been obtained 
by direct determination. In a still greater number of instances, both 
methods have not up to the present been applied, the numbers given 
as the result of direct deter m ination thus lacking this independent 
confirmation. 

Taking these points into account, such variations as appear in the 
values obtained for G are not surprising, in fact, wider discrepancies 
might have been expected. Comparing the mean values of G ob- 
tained in the different series, we get the following numbers 


Metallic elements (10) 0 = 1*370 

Eon-metallic elements (4) C = 1-481 

Inorganic compounds (17) G = 1*340 


» Organic compounds. Latent heat obs. (45) . . G = 1*380 
,, ,, 9 , „ cal. (10) . . 0 — 1*333 


Of these, the number obtained in the case of the organic compounds, 
1*38, is probably the most accurate, both on account of the large 
number of compounds taken and the greater ease with which the 
latent heats could be determined in these cases. Accepting this 
number, therefore, provisionally as correct, the law which has been 
enunciated may be expressed as 


wA. ioM _ 
Tr T2i? 


1*38, 


where A is the atomic weight of the element and M the molecular 
weight of the compound to which the formula is being applied. 

By combining this expression with van’t Hoff’s relationship 
between the molecular depression of the melting point and the latent 
heat of fusion, E = 0*02 T 2 /w, or accurately, 0*01976 T 2 /w, it is 
possible to calculate the value of E from those of M, T, and 2®, or, 
in other words, knowing nothing more than the chemical constitution 
and the melting point of the substance. For E will be found approxi- 
mately equal to T x M/70 2#, or, what is simpler for purposes of 
calculation, to 0*014285 x T x M/2w. 

As might be expected, the differences between the calculated and 
observed results are found to be large in tbe case of compounds 
which give abnormal values for C. Formic and acetic acid give 
values which are higher, and the phenols give values which are lower 
than those observed. In this respect, the results are consistent with 
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those previously obtained, and. such explanation as has been offered 
in the former case applies equally in tbe present instance. 

The most important and far- reaching of the applications of the 
relationship vll = p = 1'38 TSi? is for the purpose of calculating 
mutual solubilities, or, what comes to the same thing, of the melting 
points of mixtures of two compounds which are capable of dissolving 
the one iu the other. 

Schroder (Zeit physikal . Ghem., 1893, 11, 449), and also indepen- 
dently 3je Chatelier (jGom.pt. i md , 1894, 118, 638), have shown that 
from van’t Hoff’s theory of osmotic press are and the nature of solu- 
tions there may he deduced the following relationship — 

1 P T - Tj 

lo g ( s — 'q, -TfT‘ 

Here s is the solubility and represents the number of molecules of 
the solvent (substance crystallising from the solution) contained in 
1 mol. of the solution, T is the melting point of the pure solvent in 
absolnte temperature, is the melting (or solidifying) point of the 
solution in absolute temperature, and p is the molecular latent heat of 
fusion of the solvent. (It should be remembered that p is a negative 
quantity.) The expression contains no term relating 10 the dissolved 
substance, and a most important point which the stndy of this rela- 
tionship has for the first time brought clearly into prominence is that 
when the solubility is expressed by tbe number of molecules of the 
solvent present in 1 mol. of the solution, it is found to be independent 
of the nature of the dissolved substance, and one and the same solu- 
bility curve records tbe behaviour of a given solvent towards all the 
compounds which it may be capable of dissolving (see Schroder, he. 
eit.'). 

As solvent is here understood the substance which crystallises out 
first from the liquid mixture on cooling, or the substance the melting 
point of which may be regarded as undergoing redaction. The defi- 
nition is the more necessary as this use of the word solvent does notr 
agree fully with the sense in which ifc is commonly employed. For, 
in all concentrated solutions of salts and water, or of organic com- 
pounds and alcohol from which the salt or the compound crystallises 
out on cooling, these latter would, according to the definition, be 
regarded as the solvents, and not the water or the alcohol as is 
usually taken to be the case. 

Applying to Schroder’s formula the relationship p = 1*38 T2r, 
and noting also that the constant 2 in this formula has more accu- 
rately the value 1'976, we get (remembering that p is negative) 

log, s = -0 7 3*1^!*, 
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from which also 

m _ —0*7 SpT 

1 log, s — 0*7 Si?' 

From this it appears, therefore, that knowing nothing more than 
the chemical constitution and the melting point of a given compound, 
it should be possible to obtain at once the solubility curve of the 
compound, and to place on record its general behaviour as a solvent. 

An examination of this important relationship is given in the 
paper which follows this. In conjunction with Miss M. A. Whiteley, 
I have been recently engaged in determining the melting points of 
mixtures of organic compounds, and it will be seen that our results 
afford confirmation of the accuracy of the above formulae. 

Miolati (Zeit. pliysikal. (Jhem 1892, 9, 649) was the first to point 
out that with the mode of representation here adopted the eutectic 
point always lies nearest to tbe melting point of the lower melting 
constituent of the mixture, or that the eutectic mixture always 
contains this constituent in the larger proportion. This result may 
be foreseen from the relationship that has been given. In the case 
of any two compounds we should have for the one as solvent, 

_ —0*7 SrT 

1 log. 8 — 0 7 So’ 
and for the other as Bolvent, 

T » _ -0-7 2»'T' 

1 log. (1 - s) - 0-7 2®' ‘ 

For the eutectic mixture of these two compounds, 

% = T x ', 

and therefore the following relationship holds 
2rT _ log, s — 0*7 
~ log, (i - «) - 0*7 

An examination this formula shows that if T > T' then s < 
(1 — s), or that in the eutectic mixture the substance of lower 
melting point is present in the greater proportion. The formula can 
be made available for calculating eutectic points. An interesting 
confirmation of its accuracy is afforded by the determination of the 
eutectic point of mixtures of and NaN0 8 . Both Schaffgotsch 

and Garnelley and Thomson state that the eutectic mixture contains- 
about equimolecular proportions of tbe two salts. Since in this case 
2© = 2«/ and T differs fiom T' by only about 3 per cent, of their 
actual value, $ should be practically equal to 1 — s, although not 
absolutely so.* 

* I find by experiment that the eutectic mixture contains 48 mols. KN0 3 to 52 
mols. NaN0 3 , and melts at 220*3°. The calculated values would be 4/7 mols. KNO a 
to 53 mols. NaNOj, and the melting point 217°. 
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It is hardly possible to doubt that in the relationship p = 1*38 2i?T 
we have the expression of some general natural law. The valencies 
of the elements have been regarded throughout as the determining 
factors, and it is of course upon these that the calculation of is 
based. The guiding principle appears to be that equivalent quanti- 
ties of the elements undergo equal changes of entropy in passing 
from the solid to the liquid state, this rule being only slightly modi- 
fied when the elements are contained in their compounds. But the 
equivalent quantities here spoken of are not what are usually 
regarded from the chemical point of view as equivalent. They cer- 
tainly do appear to bear a relationship to the valencies, but this is of 
a peculiar and merely empirical character, and in some cases, e.g., 
hydrogen and the halogens, has been virtually abandoned. 

Without, however, insisting on the establishment of a general 
relationship between valency and heat of fusion, the results arrived 
at in this paper at any rate show that the quantity /j/T is, in the case 
of compounds, an additive function, and is made up of certain practi- 
cally constant values which are peculiar to the atoms of which the 
molecule is composed. The conclusion to which this result points is 
a most important and, to some, perhaps, an unexpected one. It is 
that the change from the solid to the liquid state is one in which the 
atoms composing the molecule are mainly concerned. Probably, 
hitherto, the tacit assumption has been that the difference between 
the liquid and the solid was mainly due to a difference in the size of 
the molecular aggregates assumed to be present in either case. In 
other words, that the liquid molecule being and the solid mole- 
cule 3I& during fusion, the only change was that of aMj into 
This view not only receives no confirmation from the results that have 
been here brought forward, but it is replaced by an entirely different 
-conception, and it is no longer the molecular aggregate, but the 
simple chemical molecule and its component atoms that are the 
important factors in the change from the solid to the liquid state. 

At the same time, however, the existence of molecular aggregates 
is not excluded. If the molecular aggregate nM. exists in the solid, 
the value of p for the solid is ri&ic. But in this case, St; also 
becomes wSr -h a, where a is the value for the valencies which hold 
the simple molecules together in the aggregate ; in other words, 
what is usually called the residual valency or affinity. But in most 
cases a is probably small as compared with and may be 

neglected, and therefore G = wMw/nSuT, which, since the values of 
n cancel, is really nothing more than the expression for the simple 
molecule. It may be, however, that in some cases a is not so 
entirely negligeable, and some of the discrepancies observed in the 
values obtained for 0 may be due to its having been left out of 
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account. That it is necessary in some instances to consider this 
value has been shown in the cases of formic and acetic acid, and, in 
fact, if the view here advanced is correct, a method is indicated in 
the foregoing by means of which the values of a could be estimated 
iu certain cases. 

The important practical results that follow from the relationship 
pI'SvT = 0 are those which have been indicated, namely, the possi- 
bility of calculating the molecular depression of the melting point 
and the solubility of any given compound in any given solvent as 
soon as the chemical constitution and the melting point are “known. 

Note . — Since the above was written, it has been shown by Traube 
that a relationship in all probability exists between the valency and 
the atomic volume of an element ( Bey 1894, 27, 2178). It can be 
shown thermodynamically that the latent heat of fusion is a function 
of the molecular volume of a compound, hence of the sum of the 
atomic volumes, and from this it may be argued that the latent heat 
of fusion must also be a function of the sum of the valencies of the 
atoms in the molecule (compare Ber 1895, 28, 148). The estab- 
lishment of such relationships as these promises to throw consider- 
able light in the future on the obscure question of the nature of 
valency. 


XXXIX . — The Melting Points of Mixtures . 

By Holland Crompton and Miss M. A. Whiteley. 

Cases in which the melting points of mixtures of two mutually 
soluble substances iu all proportions have been investigated are not 
at present very numerous. The discovery by Raoult of the connec- 
tion between the depression of the melting point of the solvent and 
the molecular weight of the dissolved substance, and the generalisa- 
tion of van’t Hoff with respect to dilute solutions, led to a large 
number of observations being made on the melting points of solu- 
tions, but these were almost invariably confined to small dilutions* 
Etard ( [Oompt . rejid., 1892, 115, 950) has pointed out that the curve 
for the mutual solubility of two substances, one in the other at 
different temperatures, is the locus of the melting points of mixtures 
of the two substances ; it is, however, only in very fow instances that 
a complete solubility curve has been obtained, the actual observa- 
tions being in most cases confined to a small portion of the (theoreti- 
cally) possible curve, and dilute solutions being here also usually 
dealt with. From this point of view, therefore, the mode of investi- 
gation has been one-sided, and if not leading directly to erroneous 
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views, is not calculated to elucidate the more general problem of 
solution. For it need hardly be pointed out that ]t is only by study- 
ing the whole range of solubility, dealing ith concentrated as well 
as dilute solutions, that it is possible to hope to arrive at any satis- 
factory conclusions with reference to these phenomena. 

We have for some time past been engaged in determining the 
melting points of mixtures of two substances in various proportions. 
The work (which we are still continuing) has unfortunately been 
much interrupted, and we wish the present results to he regarded as 
preliminary only, hut as they lend support to certain important 
general conclusions, we have thonght it wonld he of interest to bring 
them forward at this stage. 

Le Chatelier, who has of late been investigating the fusing points 
of saline mixtures, shows that in mixtures three general cases may be 
distinguished ( Corner . rend., 1894, 118, 709). 

1. The substances solidify to form i&omorphous mixtures of variable 
composition. 

2. Each substance solidifies separately from the mixture. 

3. The two substances combine and solidify as a compound of 
definite composition. 

With one exception, most probably belonging to the class of 
isomorphous mixtures, we have had up to the present only mixtures 
of the second kind to deal with. 

To such mixtures the following general relationship applies (see 
preceding paper), 


_ /> T-Tt 


lOgi. S = Y~QQ 


1*98 TT X 


a relationship that has already been obtained independently by both 
Schroder (Zfi\ pkysfleal . Cliem., 1893, 11, 449) and Le Chatelier 
(Compi. rt7ul, f 1894, 118, 638). Since this equation contains no 
term i elating to the dissolved substance, the values of T x will always 
be the same for the same values of s in the case of any one particular 
solvent, or, in other words, if the melting points, Ti, of any solutions 
containing this solvent are plotted against the values of s, one and 
the same curve should (theoretically) always he obtained. Further, 
if the latent heat of fusion is known, the values of T x can he calcu- 
lated from the known values of s and T, and thus the melting-point 
curve for any solvent can he obtained. By solvent is to be under- 
stood that constituent of a mixture which first crystallises out on 
cooling. 

Now it has been shown by one of us (preceding paper) that the 
molecular latent heat of fusion p =■ 1*38 2i?T, where 2*? is a number 
bearing a simple relationship to the valencies of the atoms present in 
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the molecule, and easily calculated vhen the constitution of the 
substance under examination is known. The introduction of this 
value for p into the formula previously deduced, leads to 


or 


log, s = -0-7 ?L_ Tl 

m _ -0-7 2i-T 

1 -07 2 + iog ( V 


The values of Ti can, therefore, he at once calculated for any solvent 
when the melting point and the chemical constitution of the substance 
are known. 

Our results enable us to put this generalisation to the test of 
experiment, and to ascertain in how far it may be regarded as 
applicable under ordinary conditions. A close agreement between 
the calculated and observed results is, of course, hardly to be looked 
for, as the above relationship between p and Sv is not an absolutely 
exact one, and holds only approximately. We have for this reason, 
and also because the quantities of material at our command were 
limited, adopted the ordinary capillary-tube method for determining 
the melting points of the mixtures. This method, as is well known, 
gives results which are less accurate than those obtained by direct 
immersion of the thermometer in the mixture, but that they arc of 
sufficient exactness for the purpose in view will be seen later on. 

The mixtures were made by weighing ont the requisite quantities 
on a watch-glass, fusing them together, and then grinding the fused 
mass in a mortar. Such a mixture does not melt sharply, but usually 
the melting takes place within a limit of about 3°. The upper limit, 
or the point at which the whole of the mixture becomes liquid, has in 
each case been taken as the melting point. The thermometers used 
were graduated in jV\ five or six different observations were made 
with each mixture and the mean of these taken. 

The results are contained in the following tables. The first two 
columns of these tables give the composition of the mixtures in what 
may be termed molecular percentages, or the number of molecules of 
each constituent present in 100 molecules of the mixtures. In the 
case of the solvent this number is 100s. In the third column are 
placed the observed melting points, f, and in the fourth the values of 
T\ — 273 ; Ti being calculated from those of s, T, and St; in the 
manner described. The fifth column contains the differences between 
the numbers in the third and those in the fourth column, or the 
differences between the observed and calculated melting points. The 
explanation of the numbers in the sixth and seventh columns is- 
given later on. The dotted line drawn across each table indicates the 
position of file eutectic point and consequent change of solvent. 
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I. 3 tetanitraniline and Metadi nitrobenzene. 

Metanitramhne, m. p. = 114°. iletadinitrobenzene, m. p. = 90*2° . 

„ = 7*52. „ So - 8*12. 


Molecular percentage. 

3L p. 
obs. f. 



HjT « 

A 

obs.— cal. 

Nifranilinc. 

Dinitrobenzene. 

1,-278. 

Diff. 

M. p. 

cal. f. 

10 

(solvent) 

90 

83*7 

83-6 




20 

80 

76*1 

76*5 

-0-4 

— 

— 

30 

70 

68*0 

08*4 

-0*4 

— 

— 

35 

65 

63*3 

64*6 

.Til. 

— 

— 

(solvent) 

40 

60 

62*4 

56*6 1 

5*8 

62*7 

-0*3 

41 

59 

64*1 

57*9 

6*2 

63*9 

0*2 

45 

55 

69*6 

63 *0 

6*6 

68*4 

1*2 

50 

50 

73*5 

69*0 

4*5 

73*8 

-0*3 

55 i 

45 

78*0 

74*5 

3*5 

78*7 

-0*7 

00 

40 

83*6 

79*8 

3*8 

83*4 

0*2 

70 

30 , 

93*5 

89*4 

4*1 

92*0 

1*5 

bO 

20 ' 

100*5 

98*3 

2 2 

100*0 

0*5 

90 

10 

107*5 

106*4 

1*1 

107*3 

0*3 


H. MetardtranUine and Acetanilide . 


Metanitraniline, m. p. = 114°. Acetanilide, m. p. = 113*5°. 

ft Sc — 7*52. „ 2o = 8*66. 


Molecular percentage. 1 

M. p. 

Tj,— 273. 

I 

1 

Biff. 1 

i 

M.p. 
cal. t 

i 

A tmm / 

Nitraniline. 

Acetanilide. 

obs. t. 

obs.— cal. 

20 

(solvent) 

80 

99*3 

99*8 

-0*5 

l 

i 

101*0 

-1*7 

30 

70 

l 93*2 

92*0 

1*2 | 

93*9 


40 

60 

> 85*5 

83*3 

2*0 

86*2 

-0-7 

45 

55 

83*3 

78*8 

4*5 

82*0 

1*3 

(solvent) 

50 



50 

82*7 

69*0 

ft 1 

13*7 

83*5 

-0*8 

55 

45 

88*0 

74*5 

13*5 

87*1 

0*9 

60 

40 

91*2 

79*8 

11*4 

90*8 


70 

30 

97 *3 

89*4 

7*9 

97*3 

0-0 

80 

20 

103*0 

98*3 

4*7 

! 103*3 

-0*3 
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III. Acetanilide and Metadinitrobenzene. 


Acetanilide, m. p. = 113*5°. Mefca&initrobenzene, m. p. = 90*2°. 
„ Sv = 8*06. „ 2« == 8*12. 


Molecular percentage. 

(M.p.) 

T 

obs. t. 


Diff. 

(M.p.) 

T 

cal. t'. 

A ' 

Acetanilide. 

Dinitrobenzene. 

obs.— cal. 

10 

(solvent) 

90 

85*6 

83*6 

2*0 

86*0 

-0*4 

20 

80 

80*2 

76 *5 

3*7 

80-5 

-0*3 

30 

70 

75*5 

68*4 

7*1 1 

1 74-7 

0*8 

35 

65 

71*5 

64*6 

6*9 j 

| 72-1 

-0*6 

(solvent) 

40 

60 

70-0 

62-7 

7*3 

69-3 

0*7 

50 

50 

79*5 

73*9 

5*6 

79-1 


CO 

40 

86*8 

83 *5 

3*3 

87-4 

-0*6 

80 

20 

; 101 *i 

i 

99*8 

1*3 

ioi-o 

-0*5 


IY. Acetanilide and a-DuiitrophenoL 

Acetanilide, m. p. = 113*5°. a-Dinitropkenol, m. p. = 112*5°. 

„ 2® = 8*66. „ = 9*81. 


Molecular percentage. 

M. p. 

Tj— 273. 

Diff. 

M.p. 

A,-/ 

Acetanilide. 

Dinitrophenol. 

obs. t. 

col. t'. 

obs— cal. 

17*68 

(solvent) 

82*32 

104*3 

■ 

2*4 

103*9 

mm 

20*92 

73-08 

99-5 


3*8 

98 *9 


36*44 

63-50 

04-4 

88*6 

5*8 

93*2 


41*29 

1 58-71 

89-1 

84-7 

4*4 

90*0 

-0*9 

4G*23 

53-77 


80*6 

5*4 

86*7 

-0*7 

50*00 


83*3 

77-2 

6*1 

84*0 

-0*7 




................ 


................ 



(solvent) 

56*33 

! 43-67 

79*5 


-0*6 


_ 



88 *3 

i 87-8 

0*5 

— 

— 

77-49 

22 *51 


1 97-9 

-0*9 

— 

— 





-0*1 
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V. ct-Diidtrojjheii'jl Mil Oiihonitivphenol. 

a-Dmitrophenol, in. p. *» 112'5 3 . OrUionifcroplieuol, uup. “ 16 3 . 
„ So = 9-81. „ 2o - 8-43. 


Molecular percentage. 

; 

M.p. 

i 

'1,-278. 

1 

! 

Dif£. 

i 

3kLp. 1 
col. l' ■ j 

1 

A*-/ 
obs. — cal. 

, 

Dinitrophenol. ! 

i o-Xitrophenol. 

i 

ubs. t. 

\ 





i 

0-4 | 

41*1 , 

! 

i -0-1 





1-0 | 

1 

38*4 j 

0*2 

(solvent) 

20 

SO 

40 0 

39*3 

I 

0-7 1 



25 

75 

31-6 

47*3 

3*8 

1 — 

— 

30 

70 

55 -8 

55*2 

0*6 I 

— 

— 

38-64 

61*36 

64 -S 

65-6 

1 -0-8 1 

* — 

— 

50 

50 

82-3 

77-2 | 

1 5*1 , 

— 

— 

60 

40 

S9-7 

85*8 

3*9 1 

— 

— 

65 

35 

90*9 

89-7 

1*2 

— ! 

— 

70 

30 

96-4 

93*4 

3*0 

— 

— 

75 

25 

100-9 

97 0 

3*9 

— 

— 

80 

20 

105*2 

100*4 

4*8 i 

— 

— 

90 

10 

10S-8 

106-7 

2*1 




VX ot.-lsaphtol an d ji-Naphtol. 

o-Xaphtoi, m. p. = OS'S 3 . ^Ofaphtol, m. p. = 122 2°. 
„ So = 9-86. „ So = 9-86. 


Molecular percentage. 

M.p. 

! 

Tj— 273. 

Biff. 

M. p. 

A t _/ 

rt-Xaplttol. 

j3-3Saphtol. 

obs. t. 

i 

cal. i*. 

obs. — cal. 

10 

(solvent) | 
90 

116-5 

116-3 




20 

80 

109-5 

109*8 

-0*3 

— 

- 

30 | 

i 70 

, 102-7 

102*8 


— * 

— 

40 I 

1 60 

l 93 -9 

95 0 

Bl 

— 

— 

50 s 

1 so 

1 86 -1 

86*1 

-io 



— 

60 | 

; 40 

, 75-8 

■ 1 

-0*1 

— 

i — 

(solvent) 

70 

30 

79-1 

77-4 


79 *6 

—0*5 

80 , 

20 

83-1 

840 

mSm 

85*4 

-0*3 

84*9 

15*1 

89-1 

870 

H 

88*1 

1*0 
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VII. x-Naphtcl and Naphthalene. 

a-Naplitol, m. p. = 95*5°. Naphthalene, m. p. = 79*8°. 
„ 2» = 9*86. „ 2® = 8*17. 


Molecular percentage. 

M. p. 
obs. t. 


Dill. 

' ji. p. 

A t-f 

a-Naplitol. 

Naphthalene. 

±J — £,16. 

, cal. if. 

obs. — cal. 

10 

(solvent) 

90 

1 

71 *8 

\ 

73*4 

1-4 

. 75-6 

l-o. 

20 i 

i 80 

i n -2 

60*5 j 

4*7 

1 71*0 

0*2 

30 1 

i 70 

05-7 

59*1 i 

6*6 

66 *2 

—0 *5 

3o 1 

or* 

G4*l | 

1 55*1 

9*3 

63 ‘G 

0*8 

38*9 

| Cl-l 

1 01 *7 

52*3 

9*4 

j 61*7 

0*0 

(solvent) 

40 

GO 

62 *2 

! 52*4 

9*8 

G1 *9 

0*3 

50 

50 

69*6 

. 61*9 

7*7 

69*3 

0*3 

60 

40 

74*5 

1 70*1 

4*4 

75*7 

-1*2 

70 

30 

SO *8 

| 77*4 | 

3*4 

81 *4 

-0*6 

81*8 

18*2 

87*5 

S5 *0 

2*5 

87 *3 

0*2 

90 

1 10 

92 *5 

90 *0 

2*5 

91*2 

1*3 


In Table VIII are given the melting points of mixtures of 
/3-naphtol and naphthalene. These mixtures differ from the above, as 
the addition of y3-naphtol to naphthalene does not lower, but raises 
the melting point of the latter. The melting points of the mixtures 
lie upon a continuous curve joining the melting points of the con- 
stituents (van Bijleri, Zeit. physical. Chem 1801, 8, 343). We have 

VIII. P’Naphtol and Naphthalene. 


jS-Naplitol, m. p. 122*2°. Naphthalene, m. p. 79*8°. 


Molecular percentage. 

M. p. 

Mean 

Ditf. 

it.p. 

a*-/ 

/3-Naphtol. 

Naphtlialene. 

obs. i. 

m. p. 

cal. i\ 

obs. — caL 

10 

(solvent) 

90 

84*6 

84*0 

0*6 

81*2 

0*4 

20 

80 

88*6 

88-3 

0*3 

88 *8 


30 

70 

94*0 

92*5 

■a 

94-1 

EH 

(solvent) 

40 

CO 

98*9 

96*8 

2*1 

98*3 

0-G 

50 

50 

103*9 

101*0 

2*9 

103*5 


60 

40 

107*2 

105*2 

2-0 

108*2 

-1-0 

70 

30 

111*1 

109*5 


112-2 

-IT 

80*25 

19*75 

114*1 

113*8 j 

Bfl 

115*7 

-1*6 

90 

10 

119*5 

118*0 

Ksfl 

119*2 

0*3 
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here probably a ease of au isomorphons mixture, similar to those 
investigated by Kuster ( ’ Zeit. phyrikal, . Ghent., 1890, 5, 601, and 1891, 
8, 577). If the melting points are plotted against the molecular 
percentage^ a straight line curve should therefore be obtained. In 
the table (VIII), the fourth column contains numbers calculated on 
this assumption in place of values of Tj. — 273. 

A comparison of the values of Ti — 273 with the observed melting 
points shows that in certain cases there is coincidence within the- 
possible error of experiment. This holds for the following pairs of 
substances. 


Solvent: Metadinitrobenzene. Dissolved substance : Metanitraniline. 

„ Acetanilide. „ „ Dinitrophenol. 

„ Orthonitrophenol „ „ % „ 

„ a-Xaphtol „ „ /J-Naphtol. 

and partially 

Solvent : Dinitrophenol „ „ OrthonitrophenoL 

The resnlts in this last instance are very irregular from some cause 
which we are at present quite unable to explain. 

In the majority of cases, however, the observed melting points 
differ considerably from the values calculated for Ti— 273, the 
differences lying altogether outside the limits allowable for error of 
experiment. It will be noticed also that the observed values are 
invariably higher than the calculated, and that the differences as a 
rule increase with ihe concentration of the solutions. These dis- 
crepancies might be due either to some incorrect value being assigned 
to 2r, and consequently to p, in the cases in question, or to some dis- 
turbing influence affecting the application of the general relationship. 

But that they cannot he referred to such errors either in the 
2r, or in p, is shown on comparing the numbers obtained with 
one and the same solvent when the dissolved substance is varied* 
Such a variation should, according to theory, have no effect on the 
observed melting points for mixtures of the same molecular per- 
centage composition. In the following tables the melting points of 
mixtures of this kind are compared, and that there is a marked 
influence due to variation of the dissolved substance is at once 
apparent. 

Solvent : Metanitraniline . 


IToL percentage. 

80 


70 

60 

55 

50 


Metadinitrobenzene. 
SL p. = 100*5° 

93 5 
83*6 
78 0 
73-5 


Acetanilide. 
M. p. = 103*0° 
97*3 
91*2 
88*0 
82*7 
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Solvent : Acetanilide . 

Mol. percentage. Metani tramline, Metadinitrobenzene. 

80 M. p. = 99-3° M. p. = 1011° 

60 85*5 86*8 

Solvent: a-NaphtoL 

MoL percentage. Naphthalene. jS-Naphtol. 

80 M, p. = 87*0° M. p. = 85*1° 

70 80*8 79*1 

The want of agreement between the values of T x — 273 and the 
observed melting points is not one, then, which can be explained by 
assuming the error to lie in the number deduced for or for />, but 
must be due to a disturbing influence affecting the application of the 
general relationship. The nature of this disturbing influence is 
sufficiently indicated by the character of the differences between the 
observed and calculated values. For it has been pointed out that the 
observed are always higher than the calculated values, where any 
appreciable difference is noticed, and further that the differences 
increase with the increase in the relative quantity of the dissolved 
substance present. Cases of this kind have already been frequently 
noticed in cryoscopic determinations, in fact, strictly speaking, they 
are probably the rale rather than the exception. The explanation 
has been given by van’t Hoff (Zeit. physical. Ghem 1890, 5, 322), 
and is found in the fact that whereas theoretically the pure solvent 
is supposed to crystallise out from a solution when the solidifying (or 
melting) point is reached, practically a certain quantity of the 
dissolved substance usually crystallises out along with the solvent, 
forming with the latter a solid solution. The effect of this is to 
reduce the osmotic pressure of the solution, and, therefore, to raise 
the melting point. The true melting point therefore becomes T x -f t, 
where t represents the rise due to the influence in question, or in fact 
v=: t— (Ti— 273). 

Van’t Hoff further shows that, at any rate in dilute solution, 
the raising of the theoretical melting point, or the quantity t, is 
proportional to the theoretical depression of the melting point T— T x . 
If we assume as a first approximation, what is probably not far from 
the truth, that this relationship also holds for concentrated solutions, 
since 

T — T x = — -~--Ti 8 = cons k Ti log* s 

for any particular solvent, 


2 A 


VOL. LXVTI. 


T = C T x log* S, 
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where c is a co ns tant. The true melting point of the solution is 
therefore given by the expression 

f =s m. p. cal. = Ti + c Ti log* s — 273. 

It is in this way that the number's contained in the sixth column 
of the tables already given have been calculated. The values for c 
in each case have been calculated empirically from those of t, and aie 
as follows (the numbers are, of course, negative) — 


Solvent. 

Dissolved substance. 

0 . 

Metanitraniline 

Metadinitrobenzeue 

0-0203 

99 

Acetanilide 

0-0610 

Metadinitrobenzene 

99 

00516 

Acetanilide 

Metanitraniline 

00151 

99 

Metadinitrobenzene 

0-0215 

a-Dinitrophenol 

Acetanilide 

00280 

Orthonitrophenol 

a-Dinitrophenol 

00160- 

o-Naphtol 

Naphthalene 

0-0320 

99 

/J-Naphtol 

00180 

Naphthalene 

o-Naphtol 

00600 

99 

)8-Naphtol 

0-2950 

j3-Naphtol 

Naphthalene 

0-0700 


In the seventh column of the tables are placed the differences,. 
A obs. —cal., between the observed melting points and those calculated 
in the above manner. These differences do not in all probability 
exceed the limit which must be admitted for possible error in the* 
determinations by the method adopted, and, as would be expected in 
such a case, they are sometimes positive and sometimes negative. 
The calcnlated values therefore agree with those observed for the 
melting points within the limits allowable for experimental error, and 
this holds even in the case of mixtures of 0-naphtol and naphthalene, 
where probably the substances dealt with form an isomorphous 
mixture. Indeed, in this case, the melting points calculated by the 
method indicated agree far more closely with the observed than those 
calculated on the assumption that the melting point curve is a con- 
tinuous straight line. 

From the behaviour, then, of the eight different substances which 
we have had under examination, and the 16 different solutions formed 
from them, we come to the following conclusions — 

1. For normal solutions, in which on cooling the solvent alone first 

T — T 

crystallises out, the relationship log* s = ■ ■■ holds for all 

l*9o T JLi 

concentrations. 

2. For p, the value 1*38 2rT can he substituted, and the relationship 
which one of us has sought to establish between the latent heat of 
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fusion of a molecule and tlie valencies of the component atoms is 
confirmed by the result of these experiments. 

3. The abnormal behaviour of certain solutions may be explained 
by supposing, that from such solutions the solvent does not crystallise 
out alone, but forms with the dissolved substance a solid solution, 
the observed melting points being in these cases invariably higher 
than the calculated. 

Bedford College , 

York Place , W. 


XL . — Electrolysis of Potassium Allo-ethylic 
Camphorate . 

By James Walkeb, D.Sc., Ph.D., Professor of Chemistry in 
University College, Dundee, and James Heeoebson, B.Sc. 

Ii has been shown by one of us (Walker, Trans., 1893, 63, 495) that 
when the sodium ortho-ethylic salt of camphoric acid is subjected to 
electrolysis in strong aqueous solution, the chief product is the ethylic 
salt of an unsaturated monobasic acid C9H14O3. Prom the behaviour 
of its dibromide, this campholytic acid would appear to be an a£-un- 
saturated acid, a fact which has a direct bearing on the position of 
the carboxyl groups in the camphoric acid molecule. 

It appeared to us of interest to perform the electrolysis of the iso- 
meric sodium allo-ethylic camphorate, in which the sodium atom and 
the ethyl group have exchanged places, in order to obtain if possible 
an isomeride of campholytic acid, and to investigate the properties of 
its dibromide. We have in reality obtained from the corresponding 
potassium salt more than one isomeride, and the results of the research, 
so far as it is completed, are given below. 

The potassium allo-ethylic camphorate used in the electrolysis was 
prepared as follows. Twenty-three grams of sodium were dissolved in 
350 c.c. of absolute alcohol, and to this solution of sodium ethoxide there 
were gradually added 182 grams of powdered camphoric anhydride, 
which dissolved with evolution of heat. The alcoholic solution of 
sodium ortho-ethylic camphorate obtained in this way was heated with 
ethylic bromide in order that diethylic camphorate might be produced. 
Bruhl (Ber., 1891, 24, 3408) recommends heating the reacting sub- 
stances for 10 hours at 130° in a sealed tube. This is a somewhat 
troublesome operation when large quantities of solution have to be 
dealt with, hut as we have found that the action proceeds equally well 
at 100°, the following process may he adopted. 100 c.e. of the 
alcoholic solution are introduced into a soda-water bottle with a 

2 a 2 
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quantity of ethylic bromide 10 per cent, in excess of the theoretical 
amo unt (1 mol. to 1 atom sodium). The bottle is well corked and 
heated in a water bath for 6 hours, the action being then practically 
at an end, as we fonnd by weighing the sodinm bromide which had 
separated from the alcoholic solution on cooling. In one case, for 
example, after six hours’ heating, the amount of sodinm bromide 
collected w as 17 grams, the theoretical amount being 17 7 grams. 
After the action is complete, the bnlk of the alcohol is dis- 
tilled off on the water bath and water added. The aqneons 
solution gives a neutral reaction with litmus. The diethylic salt 
is separated by means of ether, “which is washed first with water con- 
taining a little canstic soda, and lastly with pnre water ; after drying 
with calcium chloride end distilling off the ether, the residue is 
distilled under diminished pressure. The yield of diethylic camphorate 
of constant boiling point is rather more than equal to the amount of 
camphoric anhydride taken, or 73 per cent, of the theoretical. 

The diethylic salt (1 mol.) is mixed with potassium hydroxide 
(1 mol.) dissolved in eight times its weight of absolute alcohol, and 
the mixture allowed to remain overnight. It is then heated for half 
an hour on the water bath to complete the half-saponification ; the 
alcohol is distilled off, and the residue dissolved iu two-thirds of its 
own weight of water, and the aqueous solution is shaken up with 
ether in order to remove a small quantity of unaltered diethylic cam- 
phorate. After the ethereal layer has been separated, and the 
aqueous layer heated to remove the ether dissolved in it, the solution 
of potassium allo-ethylic camphorate is ready for electrolysis. 

The manner of conducting the electrolysis diverged somewhat 
from that previously practised. Two nickel crucibles, each of 75 c.c. 
capacity, were employed as cathodes, and in them the solution to be 
electrolysed was placed. By means of triangles made of stout insu- 
lated copper wire, wrapped round with cord, these crucibles were 
held in position in a shallow cylindrical metal dish, through which a 
stream of cold water was kept constantly flowing, the level of the 
outflow being only slightly beneath that of the mouths of the 
crucibles. Care must he taken that the crucibles are thoroughly 
insulated and at no part touch the metal dish. The anodes, as 
before, were constructed of stout platinum wire in the form of a 
spiral with a diameter about 1 cm. less than the diameter of the 
crucible. The crucibles were connected up in series with each other, 
and with an electrolytic resistance. The current we employed was 
much greater than that used by Crum Brown and W alker ^■A.Tvnolen^ 
1890, 261, 112), being derived directly from a dynamo with a voltage 
of about 100. The electrolytic resistance consisted of a dilute solu- 
tion of sodium sulphate contained in a large beaker with electrodes 
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of platinum foil. This solution was allowed to boil when the current 
passed, and the resistance could be easily regulated by varying the 
depth of immersion of the electrodes, the distance between them, or 
the concentration of the solution. As great a current was allowed to 
pass as was consistent with the contents of the crucibles being kept 
below 40° by means of the cooKng apparatus. Each charge was 
electrolysed for 45 minutes, .after which the contents of the crucibles 
were removed and allowed to settle in 'a tall separating cylinder, a 
fresh charge being then introduced. When all the original solution 
of the potassium ethylic salt had been treated in this way, the layer 
of ethereal liquid, which had floated to the surface, was drawn off 
and the solution again submitted to electiolysis for 30 minutes. A 
considerable additional quantity of ethereal product was thus 
obtained, but practically no result was obtained on a third electro- 
lysis. The spent solution was finally extracted with ether, the whole 
of the ethereal portions united, dried with calcium chloride, and 
freed from ethylic ether on the water bath. By working with a 
powerful current in the above manner, the rate of the electrolysis is 
greatly increased, so that several hundred grams of the ethereal pro- 
duct can be obtained in the course of two or three days. As in the 
ease of the sodium ortho-ethylic salt, a certain irregularity of the 
yield under precisely similar conditions was experienced, but slight 
alterations of concentration, &c., were again sufficient to secure the 
desired result. The vapours evolved on electrolysis have a powerful 
and persistent odour, but are by no means so unpleasant as those 
formed with the ortho-ethylic salt. 

Erom the spent aqueous solution, a large quantity of hydrogen 
allo-ethylic camphorate may be recovered by acidification and extrac- 
tion with ether, and this may be converted into a pure solution of 
potassium ethylic salt of the proper concentration, and again electro- 
lysed. Taking this recovered portion into consideration, the actual 
yield on electrolysis is very satisfactory, amounting almost to 80 per 
cent, of that theoretically possible. Thus 600 grams of camphoric 
acid yielded 522 grams of camphoric anhydride, which afforded 
547 grams of diethylic camphorate. After half- saponification, 30 
grams of this ethereal salt were recovered unchanged, so that the 
aqueous solution contained 530 grams of potassium ethylic salt. On 
completion of the electrolysis, 128 grams of hydrogen ethylic cam- 
phorate were recovered, corresponding to 145 grams of potassium 
ethylic salt, so that 385 grams had been electrolytically decomposed. 
This quantity would yield 265 grams of ethereal product of the ordi- 
nary type, and 210 grams were actually obtained. The amount of 
decomposition by oxidation is thus very small. 

The course of the electrolysis was normal, the chief ethereal pro- 
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ducts, on investigation, proving to be isomeric unsaturated ethylic 
salts of the formula OnHisOa, and a saturated diethylic salt of tbe 
formula C^H^O*, formed according to tbe equations 


L 2C a H M <g°g Bt = 0 8 H„<ggg| t + CJVCOOEt + 


co* 


and / 

II. 20 3 Hu<gog Eb = EtO6C-C 8 H u -C a H u -C00Et + 200*. 


In accordance with tbe nomenclature suggested for tbe ortbo- 
compounds, these substances may be termed ethereal salts of alio-, 
eampholytic acids and of ajlo-camphothetic acid respectively. 

In order to isolate tbe ethereal salts, tbe whole product of elec- 
tiolysis was distilled under a pressure of 15 mm., and tbe portion 
boiling below 140° was then refractionated at tbe ordinary atmo- 
spheric pressure. / 

A'&o-ethylic Campkolytate. 


By far tbe greater portion (67 grams) of tbe liquid of lower boil- 
ing point passed over between 195° and 210°, and on repeated 
refractionation 45 grams of a colourless oil was obtained boiling 
constantly at 204°. This oil, on analysis, proved to have the composi- 
tion ChH 18 0 2 . 


0*1565 gave 0*4153 C0 3 and 0*1410 H a O. C = 72*36 ; H = 10*01. 

OnHisOa requires 0 = 72*52 ; H = 9*89 per cent. 

The sp. gi\ of this ethereal salt is 0*951 at 16°/4°. It is optically 
active, and at 19° has the specific rotation [a] D = 4-39*1, the corre- 
sponding value for the isomeric ethylic campholytate being [a] D = 
+5*04. 

It readily decolorises a solution of bromine in carbon bisulphide in 
tbe cold, aud when brominated in the dark under the conditions 
recommended by Wislicenus (Annalen, 1892, 272, 13) yields a 
dibromide. 


Dibromide of Diethylic Allo-campJiolytate, CuHigOjBra. 

This is a pale yellow liquid which gives off hydrogen bromide at 
the ordinary temperature and cannot be distilled, either by itself or 
with steam, without undergoing decomposition. For this reason* the 
quantity of bromine found on analysis is always less than that 
required by theory. 

0*296 gave 0*312 gram AgBr. Br = 44*6. 

OnHisOiBr® requires Br = 46*8 per cent. 

The oil has the density 1*496 at 20°/4°, and is miscible with tbe 
ordinary organic solvents. 
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A lb- cam,j$0lj/tic acid. 

Twenty-two grams of the ethylic salJ< were boiled for three hours 
with 12 grams of potassium hydroxide in alcoholic solution. The 
alcohol and unaltered ethylic salt were distilled off with steam, and 
the residual aqueous solution acidified with hydrochloric acid. An 
oily acid separated, which was extracted with ether; the ethereal 
solution was then washed with water in order to remove hydro- 
chloric acid, the ether evaporated, and the residue distilled with 
steam. Oily drops came over slowly, and a small quantity of tarry 
matter remained in the distilling flask. TW aqueous distillate was 
neutralised with sodium carbonate, evapocated to a small bulk, 
acidified, and extracted with ether. On drying the ethereal solution 
with calcium chloride and distilling off the ether, 7 grams of an 
almost colourless oil were obtained, which was then fractionated 
under the ordinary pressure. It began to boil at 210°, hut most of 
it came over at 233 — 235°. This is the boiling point of Fittig and 
Woringer’s campholactone*(AttrcaZew, 1885, 227, 10), which is isomeric 
with campholytic acid, hut as the oil we obtained was readily soluble 
in sodium carbonate solution, very sparingly soluble in water, and 
did not crystallise after long exposure to the temperature of a good 
freezing mixture, it was evident that we were here dealing with a 
different substance. 

Analysis of the oil yielded the followiug results. 

0*2010 gave 0*5160 CO s and 0*1650 H 2 0. C = 70*01 ; H = 9-11. 

CgH u Oi requires 0 = 70*13 ; H = 9*09 per cent. 

The substance is, therefore, an isomeride of campholytic acid. 

It is miscible with the ordinary organic solvents, and has the 
density 0*993 at 18°/4°, It is optically active, the specific rotation 
being [a]j> = +57*4 at 12°, whilst the value for the isomeric 
campholytic acid is [a] B = —5*0. 

The calcium salt was prepared by neutralising the acid by calcium 
carbonate ; it is moderately soluble in water, the cold concentrated 
solution becoming turbid on warming. On evaporating a dilute 
solution on the water bath, a crystalline scum is formed; these 
crystals were collected, and the water in them determined. The 
remaining solution was then evaporated to dryness at the ordinary 
temperature in an exhausted desiccator, and the amount of water 
determined in the crystalline residue. 

I. 0*2412 lost 0*0232 at 120° and gave 0*0876 0aSO 4 . 

II. 0*0976 „ 0*0089 „ „ 0*0340 „ 
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Calculated lor 

CaCCsHuOi^HA 

Oa 10-47 

E*0 9-42 


Pound. 

£ " 3 - 

1065 10-3 

9-61 9-1 


The calci um salt thus cont ains 2 mols. of water, whether crystal- 
lised at 100° or at the ordinary temperature. 

A strong solution of the sodium salt gives precipitates with silver 
nitrate, lead nitrate, copper sulphate, and zinc nitrate. The silver 
salt does not blacken readily on boiling, but does so rapidly on 
exposure to s unlig ht. 1 The zinc salt is moderately soluble in cold 
water, the saturated sofljtion becoming turbid on heating. It is very 
soluble in ether. Jb~ 

When allo-campholytic acid is treated with sulphuric acid 
(1 vol. HjSOi sp. gr. 1*84 : 1 vol. H 2 O), as described by Fittig 
(Annalen^ 1894, 283, 51), it is to a great extent carbonised, and 
little can be extracted from the product of the action. If, however, 
the mixture, instead of being boiled, was heated on the water bath 
for ten minutes, it became merely red ; after cooling and dilution it 
was extracted with ether, and the ethereal layer shaken up several 
times with a dilute solution of sodium carbonate. After drying with 
calcium chloride, the ether was evaporated and an oily residue 
obtained, which, on standing, deposited well-formed crystals ; these 
crystals possessed a strong odour of camphor, and melted at 50°. 
The substance was moderately soluble in cold water, the solution 
becoming turbid on gently warming, and again clear as the boiling 
point was approached: the phenomena were reversed on cooling. 
This behaviour left no doubt that the substance was the campho- 
lactone described by Fittig and Woringer ( Annalen , 1885, 227, 10). 
The lactone which they obtained can be prepared from the isotaxcric 
lauTonolic acid C 9 H w 0 2 by treatment with sulphuric acid, so it was 
of importance to determine if allo-campholytic acid was identical 
with lauronolic acid. The description they give was found scarce! 
sufficient for purposes of identification, so a quantity of lauronolic 
acid was prepared in the manner described by Aschan (JEfor., 1894, 
27, 3504), in order that a direct comparison might be made. This 
comparison sufficed to establish the non-identity of the two substances. 
In the first place, the specific rotation of lauronolic acid is [a]j> = +17, 
that of allo-campholytic acid being +57. The calcium salt of lauro- 
nolic acid crystallises, according to Fittig and Woringer, and also 
according to Aschan, with 3HsO, whilst the salt of our acid crystallises 
with 2H 2 0. Lauronolic acid on treatment with bromine is converted 
into abromolactone, C 9 H 13 Br0 2 , m. p. 187°, whilst allo-campholytic acid 
under the same conditions gives, for the most part, a liquid dibromide. 
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Aschan obtained from lanronolic acid a solid amide, melting at 72°: 
allo-campholytic acid, on treatment with phosphorus pentachloride 
and ammonia, yields a liquid amide. 

Allo-campholytic acid is thus distinct from lanronolic acid, bub 
would seem to be identical with the acid obtained by Noyes from the 
chloride of amino-lauronolic acid by the action of sodium nitrite. 
The calcium salt of this acid (Amer. Chem. 7., 1894, 16, 508) 
crystallises with 2H 8 0, and the zinc salt is soluble in ether. In a 
private communication, Prof. Noyes also states that his acid yields 
campholactone on treatment with dilute sulphuric acid (1:1), and that 
its amide is liquid so far as he has observed. In these points it 
therefore shows a strong resemblance to allo-campholytic acid. 

Dibromide of Allo-campTiolytic acid . — Five grams of allo-campholytic 
acid in 20 c.c. of carbon bisulphide were gradually added to 7 grams 
of dry bromine dissolved in 20 c.c. of carbon bisulphide. The 
mixture was allowed to remain over-night, and the carbon bisulphide 
removed on the following morning by a stream of dry air. The 
residue was mostly liquid, but contained a small quantity of a 
crystalline substance. The liquid was washed away from the crystals 
by a little light petroleum, and the residual solid recrystallised from 
warm benzene. The crystalline substance then melted at 184°, 
blackening at the same time, and was probably the bromolactone 
described by Aschan (loc. cit .), which melts at 187°. The small 
quantity, however, precluded an accurate analysis. 

The liquid obtained after evaporation of the light petroleum gave 
the following numbers by the Carius method. 

0-4399 gave 0*5284 AgBr. Br = 51*1. 

0*4134 „ 0*49 L2 AgBr. Br = 50*8. 

CflHuBrsOs requires Br = 50*9 per emit. 

The liquid was thus a dibromide formed by the direct addition of 
bromine to the unsaturated acid. The action of alkalis on this 
dibixunide will be described in a subsequent paper. 

Solid Acids . — From the ethylic salt which was recovered on 
saponification of the ethereal product boiling at 204°, a new acid was 
obtained on prolonged treatment with very concentrated alcoholic 
potash. The potassium salt separated from the alcoholic solution, 
and, on acidification with hydrochloric acid, yielded a solid acid, 
which was volatile with steam; on recrystallisation from benzene 
and light petroleum, it melted at 158°. It is an nnsaturated acid 
isomeric with allo-campholytic acid. 

Another acid, melting at 146°, was obtained along with a liquid 
acid from the ethereal product boiling at 220 — 230°. These sub- 
stances, together with the fractions boiling between 110° and 240°, 
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under 15 mm. pressure, are being investigated, and will form the 
subject of a future communication. 

Diethylic AUo-camphothetate. 

The tarry residue left on distilling the ethereal product of electro- 
lysis up to 240°, under 15 mm. pressure, became partially solid on 
long standing. It was spread in a thin layer on porous plates which, 
after several weeks, absorbed the balk of the tar, a crystalline sub- 
stance being left. This was scraped off and spread ou a fresh porous 
surface ; it soon became pale brown, and was then recrystallised 
repeatedly from light petroleum. When the solvent was allowed to 
evaporate very slowly, the substance separated in the form of large 
rhombic tables; it melts at 67 — 68°, and is insoluble in water, bnt 
soluble in all ordinary organic solvents. The following results were 
obtained on analysis. 

L 0-0851 gave 0*2260 C0 3 and 0-0813 H a O. C = 72*42 ; H = 1061. 
II. 0*1026 „ 0*2712 „ „ 0*0987 H a O. O = 72*09 ; H == 10*67. 

CjisO* requires C = 72*13 ; H = 10*38 per cent. 

CnHisOi „ C = 72 52 ; H = 9 89 per cent. 

These numbers agree better with the formula than with 

OhH 18 0 3 , but in order to ascertain definitely if the ether were a 
synthetic product, it was necessary to make a determination of the 
molecular weight of the substance. Beckmann’s boiling-point method 
was used with ether as solvent, since it was of importance to recover 
the substance, the quantity at our disposal being very small. 

Ether taken = 18*3 grams. 

Weight of Elevation 

substance. of b. p. Mol. weight. 


I 0-296 0*103 331 

II 0*226 0*072 362 


Molecular weight of C 22 H&O 4 = 366. 

These numbers, together with the fact that bromine is without 
action on the ether, suffice to show that the substance is the saturated 
diethylic salt which is normally obtained as a product of electrolysis. 
The quantity which could be extracted from the tarry residue of high 
boiling point amounted altogether to little more than a gram, but this 
is in all probability only a very small proportion of the amount 
actually formed, the hulk remaining in the tar. 

Several attempts were made to saponify the ethereal salt, but 
they met with little success. The substance is practically unattacked 
by strong, boiling, alcoholic potash, or by a mixture of concentrated 
hydrochloric acid and glacial acetic acid. Fuming hydrobromic acid 
at 160 — 180° attacks it, hut the acid formed has not yet been isolated 
in sufficient quantity for a study of its properties. 
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Constitution of Camphoric add . 


As one of ns lias shown (Trans., 1893, 63, 506), the electrolysis of 
sodium orfcho-ethylic camphorate and the nature of the product* 
obtained can best be explained by the assumption that camphoric 

H 

acid contains the complex — C*COOH (ortho) ^ This conclusion is 

— C-COOH (alio) 

accepted by Noyes, who states that his observations on the beha- 
viour of the camphoramic acids “ agree best with the supposition 
that camphoric acid contains this complex 99 (Amer. Chem. X, 1894*, 

— £*COOH 

16, 509). Campholytic acid has thus the grouping q > 

l 


and is an a/?-acid. Allocampholytic acid may be put into the class 
of /J 7 - unsaturated acids, on account of the ease with which campho- 
lactone may be obtained from it. In its electrolytic formation, the 
•orthocarboxyl group leaves the molecule, together with a hydrogen 
atom from one of the neighbouring carbon atoms. This hydrogen 
atom cannot be attached to the allo-carbon atom, for then an a/?-un- 
saturated acid would be produced. It must, therefore, be attached 
to a carbon atom in the 7 -position relatively to the allo-carbon atom, 
that is, the molecule of camphoric acid must contain the atomic 


H H 

. — C— C-COOH 

* — O'OOOH’ 


and allo-campholytic acid the grouping 


-9-0-H 

— C-OOOH' 


Allo-camphothetic acid would then contain the group 


¥ 

- 9 - 


1 

H 


¥ ¥ 

c— c- 


■COOH COOH-O— 


Since lauronolic acid yields the same campholactone as allo- 
•campholytic acid, it also must be a / 37 -unsaturated acid, and its 
•carboxyl group must occupy the alio -position in the camphoric acid 
skeleton. The nature of the isomerism of the two acids will probably 
become clear when further experiments have been undertaken on 
their reciprocal transformation. Aschan has recently shown that 
bromocamphoric anhydride, on treatment with alkalis, yields directly 
a large q uan tity of lauronolic acid. This, as he points out, indicates 
that the bromine atom is in the ^-position to one of the carboxyl 
groups, and the simultaneous formation of camphanic arid proves 
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that it is in the 7 -position relatively to the other. On our assumption 
we should have the following groupings 



1 

Bromocamphoric 

anhydride. 



— i-OOOH 

l 

Lauronolic 

acid. 


H- 


<J!H-COOH 


-0 


— 0 - 
1 


CO 


Camphanie 

acid. 


Now campbanic acid, on dry distillation, passes largely into lanro- 
nolic acid and carbonic anhydride, just as terebinic acid passes into 
pyroterebinic acid (compare Bredt, Her., 1893, 27, 2098). 


HegC 0 

CH-COOH I 
6 h» CO 

Terebinic acid. 



CH-COOH 
— C CO 


I 

Camphanic acid. 


Me 4? 


CH 

CH.-COOH 

Pyroterebinic acid. 


HI 


9 H 

C‘COOH 

i 

Lauronolic acid. 


The analogy here is much more perfect than that exhibited when 
Bredt’s formula for camphoric acid is employed, and in the case of 
Ballo’s formula one would expect the lauronolic acid derived directly 
from bromocamphoric anhydride to be different from that derived 
from camphanie acid, namely, a /fy-acid in the first instance, and a 
70 -acid in the second. 

Applying the rules previously found to hold good in electrolysis of 
alkaline salts of carboxylic acids, Bredt’s formula would place both 
ortho-campholytic and allo-campholytic acids in the 78 -serics. Ballo’s 
formula would make them both ^ 7 -acids. But we have found that 
the two acids undoubtedly belong to different series, namely, ortho- 
campholytic acid to the ap- seines, and allo-campholytic acid to the 
^/-series. This fact seems to us, therefore, a strong argument 
against the validity of these formulas. Two formulae havo been pro- 
posed, however, which are in harmony with the above exposition, 
Armstrong’s formula (Trans., 1879, 35, 757) and Collie’s formula 
(JBer.j 1892, 25, 1116). These are 


Collie. 


h Xo/ ch 3 

sc/ NX^ooh 


H» 


Armstrong. 

H 2 


HsfV 


OOH 

OOH 

H s 


H s 
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Either of these formulae explains the results obtained on electro- 
lysis as well as the other, and their further verification must depend 
on other reactions. 


“ Camphothetic ” acid : a correction . By J. Waleeb. 

In a private communication, Professor JSToyes kindly informed me that, 
by the action of dilute sulphuric acid on eampholytic acid, he had 
obtained a solid isomeride which bore a striking resemblance to the 
“ camphothetic ” acid I described in the Transactions (1893, 63 , 504). 
On reinvestigating my acid, I found that it was an “ isocampholytic ” 
acid, C 9 H 14 0 2 , and not “camphothetic acid,” CisHgoO*, as I had 
supposed. The analyses given of the acid and salts agree almost 
equally well with either formula, and I was led by an error in the 
molecular weight determination of the ethylic salt, and by the fact 
that this salt, when perfectly dry, scarcely acts on dry bromine, to 
attribute to the acid the saturated foimula CisHaoO*. I find, how- 
ever, that the ethylic salt immediately decolorises moist bromine in 
the cold, and that the acid itself when dissolved in dilute sodium 
carbonate solution at once decolorises a solution of potassium per- 
manganate, A determination of the molecular weight of the ethylic 
salt by the depression of the freezing point of benzene gave the 
following results. 

Weight of benzene taken = 17*6 grams. 

Weight of Bubstance. Depression. Mol. weight. 

0*372 gram. 0*570 182 

0*608 „ 0*890 190 

The molecular weight of ethylic isocampholytate, ChHiqOo, is 182. 
Thus the acid is doubtless un&aturated, and Professor hToyes informs 
me, from a direct comparison of his acid with a specimen which I 
sent him, that “ there can be no possible doubt of tbe complete 
identity of the two.” Beyond the change of formula, no other altera- 
tion has to be made at tbe place cited, except in the dissociation 
constant, in calculating which the false molecular weight was assumed. 
The corrected numbers are as follows. 

Isocampholytic acid, OaH^O-s. 
a* = 351. 

fi. pf*. ft . XOOffl*, 100 h. 

850 28 6 28*8 28*7 8*18 0*00086 

K = 0*00086. 

This constant is not far removed from the constant of the isomeric 
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campholytic acid, K = 0*00093, but is less certain on account of the 
very slight solubility of the acid. It again exhibits the abnormally 
small value characteristic of camphor derivatives. 

Koenigs and Hoerlin (Her., 1893, 26, 813) describe an acid T 
C*H u 0 2 , isomeric with campholytic acid, which they obtained by tho 
action of superheated steam on sulphocamphylic acid at 170 — 190°. 
As this acid, from their description, exhibited a close similarity in 
properties to those of isocampholytic acid, it was judged advisable 
to compare the two substances directly. Mr. Henderson and 1, 
accordingly, prepared a small quantity of isolauronolic acid, following 
the instructions of Koenigs and Hoerlin, which we can confirm in 
eveiy particular. The acid obtained was crystallised first from 
aqueous alcohol, and afterwards from light petroleum. It then 
melted at precisely the same temperature as isocampholytic acid, 
namely, 133° (corr.) on an Anschutz normal thermometer. The 
melting point given by Koenigs and Hoerlin is 135°. The crystals 
from light petroleum had also in both cases the same crystalline habit, 
forming small well-defined rectangular tables. The solubility of both 
acids in water at 25° was identical, one part dissolving in 5000 parts 
of the solvent. A determination of the dissociation constant of iso- 
lauronolic add gave K = 0*00081, a number almost identical with 
that given above for isocampholytic acid. The calcium salt is de- 
scribed by them as being easily soluble, and crystallising in needles 
with approximately 1 mol. of water of crystallisation. This is also 
the behaviour of the calcium salt of isocampholytic acid. There can 
thus he little doubt that isocampholytic acid and isolauronolic acid 
are identical. 

As to the real ethylic camphothetare, CaJETgsO*, it in all probability 
exists in the highest boiling portion of the electrolysed product ; but 
as it seems to have no tendency to crystallise, like the isomeric ethylic 
allo-comphothetate, I have not yet been able to isolate it. 

With the original product from the electrolysis of sodium ortko- 
ethylic camphorate, a comparatively large quantity of camphoric 
anhydride was obtained on distillation (Trans., 1893, 63, 498). With 
another preparation treated in a precisely similar way, not a trace of 
this or of any other solid substance was found. The products of 
electrolysis thus seem liable to considerable variation in detail. 

University College , Dundee , 

March , 1895. 
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XLI. — Dimethylhetohexamethyloie . 

By F. Stanley Kipping, Ph.D., D.Sc. 

Some years ago, when engaged in studying the action of phosphoric 
anhydride on fatty acids (Trans., 1890, 57, 532 and 980; 1893,63, 
452), a few experiments were made with various dicarboxylic acids, 
amongst others a&'-dimethyipimelic acid, a compound which happened 
to be under investigation at the time (Kipping and Mackenzie, Trans., 
1891, 59, 569), and which has formed the subject of a recent com- 
munication (this vol., p. 139). 

It was then observed that this acid, when heated with phosphoric 
anhydride, yielded an oil having an odour of peppermint,* but 
further experiments were necessarily postponed owing to lack of 
material. 

Subsequent researches having necessitated the preparation of a 
considerable quantity of dimethylpimelic acid for further examination 
in other directions, the study of its behaviour with phosphoric 
anhydride was also resumed, but the results were not satisfactory, 
the yield of the oil in question being very small. Under these 
circumstances, and as it seemed probable that the product would 

PS 

prove to be dimethylketohexamethylene, CHa<p TT ^ TT1vrft >CO, a 

different method of preparation was resorted to, and the calcium salt 
of the acid was submitted to dry distillation, a process which had 
been previously employed with satisfactory results in the preparation 
of suberone from suberic acid, and, more recently, in the conversion 
of several other dicarboxylic acids into cycloid ketones (Semmler, 
JBer., 1891, 25, 3517 ; v. Baeyer, Her., 1892, 26, 231 ; Wislicenus, 
Annalen , 1893, 275, 309). 

In this case, also, the method proved applicable, and the crude 
dimethylketohexamethylene (Proc., 123, 68) in the distillate was 
finally obtained in a state of pnrity by converting it into the 
crystalline oxime, and decomposing the latter with hydrochloric 
acid. 

Dimethylketohexamethylene has the strong peppermint-like smell 
which seems to be characteristic of the saturated cycloid ketones of 
this class, whereas its oxime has an odour very similar to that of 
camphoroxime ; the general properties of the ketone resemble those 
of its homologues. On oxidation with nitric acid it is probably first 

* Not an odour of turpentine as originally stated (Sipping and Mackenzie, loc. 
cii.) 5 a reference to the author’s note-book has shown that this misstatement 
arose in writing the paper, as in the notes of the experiment the oil is described as 
having •* a strong odour of peppermint.” 
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converted into a-methylglutaric acid, COOEL , CHMe*CH 2 , CB[ 2 *COOH ; 
bnt this componnd undergoes farther oxidation, yielding aa-hydroxy- 
methylglutaric acid, COOH-C2Ie(OH)-CH 3 *CH 3 *COOH (orthelactonic 

acid COOH-CMe<Q^ ( ^», just as j8-methyladipio acid, 

COOH-CH 2 *CHHe , OH 2 , OH 2 *OOOH, is converted into $8-hydroxy- 
methyladipic acid, COOH # Cff2*CMe(OH) , CH2*CH 2 *COOB[ (or the 

l aetonic acid OOOH-OH 2 -CMe<® i ^ ( ^» ) on oxidation with 
potassinm permanganate (Semmler, loc. tit). 

Preparation of Crude DimetliylJcetoTiexamethylem . 

The material employed in these experiments consisted of a sample 
of liquid dimethylpimelio acid, which had been purified by distillation 
under reduced pressure, and from which, after keeping for several 
months, the crystalline acid had been separated by filtration ; this 
liquid, therefore, was probably a mixture of the two stereoiso meric 
modifications of the acid, free from any appreciable quantity of 
impurity (compare this vol., p. 139). 

The calcium salt was prepared hy dissolving the liquid acid in hot 
water, adding excess of precipitated calcium carbonate to the boiling 
solution, and filtering ; on evaporation, the filtrate yielded the readily 
soluble salt in the form of a pasty mass, which was first heated at 
about 120° until it became hard and brittle, and then intimately 
mixed with an equal weight of dry, powdered, soda-lime. This mix- 
ture, in quantities of about 8 grams, was then submitted to dry 
distillation in small, hard-glass retorts, under a pressure of about 
400 TTvm, • at first, it became pasty and frothed up, hut, on continued 
heating, an oil began to collect in the receiver, and the residue in the 
retort gradually changed to a hard, grey mass. The dark brown and 
slightly fluorescent, oily distillate was dissolved in ether, the solution 
shaken with dilute potassinm carbonate, dried over anhydrous potas- 
sium carbonate, filtered, and evaporated; the weight of the residue, 
when practically free from ether, amounted to about 40 per cent, of 
that of the calcium salt employed. 

When distilled under ordinary pressure, the oil began to boil at 
about 150°, bnt the temperature rapidly rose to 165°, and the principal 
portion of the product passed over between 165° and 185°; above 
this, only a small quantity was collected, and, although the thermo- 
meter subsequently rose to 250°, a thick, brown oil still remained in 
the distilling flask. The fraction 165 — 185° was now redi stilled and 
collected in two principal portions, boiling at 170 — 175° and 175 — 179° 
respectively; both of these were almost colourless, and had a strong 
odour of peppermint. 
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An analysis of the fraction boiling at 175 — 179°, which was the 
larger of the two, gave results agreeing well with those required by 
dimethylketohexamethylene. 

0*1737 gave 0*4876 C0 2 and 0*1733 HA 0 = 76*5 ; H = 11*1. 

C 8 H m O requires C = 76*2 ; H = 11*1 per cent. 

Dimethylketoh exam ethylene Oxime . 

In order to obtain the ketone in a state of purity, without the 
unavoidable los3 which would have attended further fractional distil- 
lation, the two portions just referred to were dissolved in metbylic 
alcohol, and the solution mixed with a slight excess of hydroxyl- 
amine hydrochloride in aqueous solution and about four times the 
theoretical quantity of concentrated soda; after warming gently for 
a short time, this mixture was left to evaporate at the ordinaiy tem- 
perature. The oxime, which was slowly deposited in colourless 
crystals, was separated by filtration, washed with water, and spread 
on porous earthenware to free it from oil ; it was then reciystallised 
from hot dilute alcohol, dried over sulphuric acid, and analysed. 

0-1387 gave 0*3460 C0 3 and 0*1344 HA 0 = 68*03 ; H = 10*76. 

CbHu-BTOH requires C == 68*08 ; H = 10*64 per cent. 

Dimethylketohexamethylene oxime crystallises from warm dilute 
alcohol and from other solvents in long, colourless prisms, melting at 
114 — 115°; it dissolves freely in cold acetone, ether, and chloroform, 
but is only moderately easily soluble in cold alcohol, and insoluble, or 
nearly so, in water and also in concentrated soda ; on the other hand, 
it is readily soluble in warm, moderately strong hydrochloric acid, by 
which it is decomposed (see below). The oxime has a very peculiar 
and somewhat unpleasant smell, very like that of camphor oxime; ir 
is volatile in steam, and distils under ordinary atmospheric pressure 
without visibly decomposing if heated in small quantities at a time. 
Crystals of the oxime suitable for goniometrical measurement were 
not obtained; those deposited from alcoholic solution belonged 
apparently to the anorthic system. 


Dimethylketohexamethylene, CH a <p^^^^>CQ. 

As the oxime can be easily obtained in a state of purity, and is 
readily reconverted into the ketone by the action of hydrochloric acid, 
it afforded a convenient means of preparing pure dimethylketohexa- 
methylene. For this purpose, the crystalline compound was gently 
wanned with moderately concentrated hydrochloric acid, in which, at 
first, it rapidly dissolved; in a veryjshort time, however, the solution 
became turbid, owing to the separation of a colourless oil, and, on 
VOL. lxvii. 2 B 
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distilling in a cuiTent of steam, tlie ketone qnickly passed over. The 
distillate was extracted with ether, the ethereal extract dried over 
calcium chloride, and evaporated ; on distilling the residual oil under 
atmospheric pressure, the thermometer rose at once to 174°, and 
prabtically the whole of the ketone passed over at 174 — 176°, only a 
few drops remaining in the distilling flask. 

This preparation, therefore, consisted of pure dime thylketohexa- 
methylene, and, as analyses of the oxime and of the less pure ketone 
had already established its composition, another combustion was 
deemed superfluous. 

Dimethylketohexamethylene is a colourless, mobile liquid, speci- 
fically lighter than water at 16 3 , and readily volatile in steam; 
it has a very strong and pure odour of peppermint. It is prac- 
tically insoluble in water, but is miscible with alcohol, ether, aud 
other organic liqnids in all proportions ; its melting point is doubtless 
very low, as it showed no signs of crystallising when cooled to 0°. 
Attempts to prepare a crystalline additive compound by shaking the 
ketone with a strong solution of sodium hydrogen sulphite were 
unsuccessful ; on the other hand, it was readily acted on by phenyl- 
hydrazine in warm acetic acid solution, giving a yellowish, oily 
hydrazone. 

Although there could be little doubt, considering its method of 
formation and its general properties, that this ketone has the consti- 
tution assigned to it above, its behaviour on oxidation was investigated 
in the hope of obtaining confirmatory evidence of this view. The pure 
ketone, prepared from the oxime, was therefore slowly added to a 
considerable quantity of warm nitric acid of sp. gr. 1*2, whereupon a 
vigorous action occurred, showing that, like ketopentamethylene 
(W. Hentzschel and Wislicenus, Annalen, 1893, 275, 312), the com- 
pound was very readily oxidised. As, however, the oil did not readily 
pass into solution, and brown fumes continued to he evolved even after 
warming for some time, the mixture was heated on a sand bath until 
oxidation appeared to be at an end ; on then evaporating to a syrup 
and adding a little water, a very small quantity of a crystalline 
substance (see below) was deposited, but after separating this by 
filtration and again evaporating, the balk of the oxidation product 
remained as a colourless syrup. As this syrup did not solidify even 
when, after keeping for some days over sulphuric acid, it was rubbed 
with a crystal of a-methy lglutaric acid— an acid which might well have 
been obtained as an oxidation product of the ketone — it appeared 
probable that oxidation had proceeded beyond this stage and that the 
a-methylglutaric acid, which it maybe assumed had been produced in 
the first instance, had been partially converted into aa-hydroxy- 
methylglataric acid, in the same way as the /^methyladipic acid 
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obtained by Semmler as an oxidation product of raethylketopenta- 
methylene may be transformed into bydroxymethyladipic acid (Ber., 
1892, 25, 3513). For this reason the syrup was again heated with 
■concentrated nitric acid, as it seemed probable that further oxidation 
would lead to a more homogeneous, and possibly crystalline product. 
This supposition proved to be well founded, since, on again 
evaporating until free from nitric acid and then keeping the residual 
syrup over sulphuric acid, it was slowly converted into a colourless, 
ciystallme mass, which was freed from adherent oil with the aid of 
porous earthenware. When purified in this way, the compound 
melted, not very sharply, at 65 — 68°, had an acid reaction, and 
dissolved in cold sodium carbonate solution with effervescence; it 
charred when distilled under ordinary atmospheric pressure, giving 
an oily distillate which soon solidified and which, as far as could 
be ascertained, was identical with the original substance. As the 
oxidation product was so very readily soluble in water, alcohol, 
ether, &c., the small quantity at disposal could not be purified by 
recrystallisation, and, partly for this reason, it was not analysed. 
There is little doubt, however, judging from its method of preparation 
and properties, that it is the lactone of afit-hydroxymethylglutaric 
acid and identical with the compound described by Bredt (. Annalen , 
1881, 208, 62 ; Her., 1881, 14, 1780) and by Kreckeler, Tullens and 
Block (Annalen, 1887, 238, 287). 

This view was confirmed by an analysis of the silver salt ; a portion 
of the acid was dissolved in dilute ammonia and the neutral solution 
precipitated with silver nitrate; the precipitate was collected with 
the aid of the pump, and dried first on porous earthenware over 
sulphuric acid, and finally at 100°, at which temperature it did not 
appreciably darken. 

0 3111 gave 0*2176 OO a , 0*0659 H 3 0 and 0*1796 Ag. C = 19*0; 
H = 2*4 ; Ag = 57*6 per cent. 

OeHaOsAga requires 0 = 19*2 ; H = 2*1 ; Ag = 57*4 per cent. 

This result, as will be seen, agrees well with that required for the 
silver salt of a hydroxymethylglutaric acid, and the properties of the 
salt were the same as those of the compound described by Bredt ; it 
was very sparingly soluble in water, and appeared to be amoiphous 
when examined under the microscope. 

The crystalline oxidation product of the ketone, referred to above, 
proved to be a mixture, as, on recrystallising it from dilute alcohol, 
very long fiat plates or needles and small compact crystals were 
■deposited side by side ; these two compounds were separated, partly 
mechanically, partly by fractional crystallisation, and eventually 
obtained in a state of purity, but in quantities so squall that analyses 
were out of the question. 


2 b 2 
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The long, flat plates melted at 113 — 114°, and probably belonged to 
the anorthic system ; they were at first thought to be crystals of 
metbylsnccimc acid, the melting point of which is 112 ° ; they were, 
however, insoluble in water, or nearly so, whereas metbylsnccinic acid 
is readily soluble. 

The other crystalline oxidation product melted at 108 — 109° and 
was also insoluble, or nearly so, in water ; it formed orthorhombic 
octahedra, and was therefore not identical with the substance melting 


at 113—114°. 

Unfortunately the nature of these two acids remained undetermined, 
owing to the very small quantities which were produced ; as, however, 
the ketone which was submitted to oxidation must have been of a high 
degree of purity, having been prepared from the pure oxime, these 
products can hardly have been derived from any extraneous source, 
and their formation is therefore of some interest. 


Chemical Department, 

City and Quilds of LoncUm Institute , 
Central Technical College . 


XLII . — Sulphonic Derivatives of Camphor. Part IT. 

B 7 P. Stanley Kipping, Ph.D., D.Sc., and W. J. Pope. 

During the combustion of bromocamphorsulphonic chloride and of 
the other sulphonic derivatives of camphor which have been recently 
described by us (Trans., 1893, 63, 548), it was noticed that a rapid 
effervescence set in almost as soon as the substance had melted, hut 
that very little charring occurred until some time afterwards. These 
observations led us to examine tbe nature of this decomposition, and it 
was found that the effervescence was due to the evolution of 
sulphurous anhydride, the sulphonic chlorides being thus converted 
into halogen derivatives of camphor. 

Although this behaviour is not characteristic of sulphonic 
derivatives of camphor, as we first thought it to be, a similar change 
having in fact been observed in the case of benzylsulphonic chloride, 
OsHg'CHa'SOsCl (Pechmann, Ber., 1873, 6 , 534), and in other in- 
stances, it seemed desirable to make a study of the halogen derivatives 
obtained in this way and to compare them with the known halogen 
derivatives of camphor. 

For this purpose, however, it was first necessary to improve the 
methods of preparing the sulphonic chlorides, especially of the 
eamphorsulphonic chlorides, which had hitherto been obtained only 
by a very troublesome process. In most cases, this object was 
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accomplished "by making a comparatively small alteration in the 
method previonsly used, the solution of the crude calcium salt of the 
sulphonic acid being treated with ammonium carbonate instead of 
with sodium carbonate, as it had been found that the ammonium 
fculphonates invariably crystallised far more readily than the sodi um 
salts, and were consequently much more easily purified. The am- 
monium salts have a further advantage over the sodium salts in that 
they are anhydrous ; the prolonged heating which was required in 
order to dehydrate the latter salts, and which appeared to lead to 
partial decomposition, thus became unnecessary. By proceeding in 
tliis way we obtained much less impure products for treatment with 
phosphorus pentachloride and the yields of the sulphonic chlorides 
were very materially increased, so that we were able to prepare the 
derivatives of bromocamphor and chlorocamphor and optically 
inactive camphorsulphonic chloride in large quantities. Optically 
active camphorsulphonic chloride, of which we had previously 
succeeded in obtaining only a few grams, also became an easily 
accessible substance, as it was found that the ammonium salt of 
active camphorsulphonic acid could be prepared in almost any 
quantities by reducing the corresponding salt of bromocamphor- 
sulphonic acid with zinc dust and ammonia. 

As it appeared probable that the sulphonic bromides corresponding 
with the above-mentioned chlorides, would undergo decomposition 
when heated, and give rise to new bromo-derivatives of camphor, we 
also prepared these compounds by treating the ammonium salts of 
the respective acids with phosphorus pentabromide. In all cases 
these sulphonic bromides were easily separated in a state of purity, 
and were readily converted into the desired bromo-derivatives of 
camphor*. 

The following is a list of the snlphonic derivatives of camphor 
which have now been investigated, those marked with an asterisk 
having been described in our first communication. 

*T)extro-rotatory camphorsulphonic chloride, CioH 16 OSO a CL 

■^Inactive camphorsulphonic chloride, Ci 0 Hi 6 O*SO 2 C1. 
Dextro-rotatory camphorsulphonic bromide, C 10 H 16 (>SO*Br. 
Inactive camphorsnlphonic bromide, CioHuO'SOJBr. 

*Bromocamphorsulphonic chloride, O 10 Hi4BrO*SO a 01* 
Bromocamphorsulphonic bromide, C 10 HuBrO S OJBr. 

♦Chlorocamphorsulphonio chloride, CjoHuClOSOaCl. 
Chlorocamphorsulphonio bromide, CwHuClO-SOaBr. 

The sulphonic bromides, like the sulphonic chlorides previously 
described, are compounds of great beauty, and, with the exception 
perhaps of chlorocamphorsulphonio bromide, are readily obtained in 
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massive colourless crystals ; we were unable, however, to obtain well- 
defined individual crystals of the latter substance, and also of the 
corresponding bromocamphorsulphonic bromide, so that their crystal- 
lographic description is not so complete as might be desired. Bromo- 
camphorsulphonic bromide seems to be crystal lographically dissimilar 
from the corresponding bromosulphonic chloride ; the crystallographic 
relationship between the dextrorotatory camphorsulphonic chloride 
and bromide is, however, a very close one. The two oppositely 
active modifications of camphorsulphonic bromide, like those of the 
corresponding sulphonic chloride, do not form a very definite racemic 
modification, so that on allowing a solution of the synthetic mixture to 
evaporate, both right- and left-handed enantiomorphous crystals are 
sometimes deposited side by side. 

The chemical behaviour of the sulphonic bromides has not yet been 
examined many detail except as regards their conversion into halogen 
derivatives of camphor under the influence of heat ; in this respect, 
it is interesting to note that they are much more readily decomposed 
than the sulphonic chlorides, and yield, in all cases, approximately 
the theoretical quantity of the pure halogen derivatives, whereas the 
sulphonic chlorides usually give a considerable quantity of carbon- 
aceous matter and in some cases also a mixture of crystalline products. 
The numerous halogen compounds which have been obtained by the 
decomposition of these sulphonic derivatives will be described in our 
next paper* 

Preparation of Bromo- and Cliloro-camplior sulphonic, Chloiides. 

For the sulphonation of bromocamphor we now employ chlorosnl- 
phonic acid, and have, for the present, entirely given up the use of 
anhydrosulphuxic acid (loc. tit., p. 576) in this and in other cases on 
account of the trouble of afterwards separating the largo excess of 
sulphuric acid which has to he employed. 

The improved method of preparing br om ocamph orsulphoni e 
chloride is carried out ap follows : — Bromocamphor (100 grams) is 
dissolved in chloroform (200 grams), freshly-distilled chlorosulph- 
onicr acid (75 grams = It mols.) added, and the solution heated on 
a water bath for about 12 hours ; when cold, the whole is poured 
into water/ the chloroform separated, and the aqueons solution 
neutralised With chalk. After separating the calcium sulphate, the 
hot solution of the calcium bromocamphorsulphonate is mixed with 
the requisite quantity of ammonium carbonate, and the precipitated 
calcinm carbonate got rid of by filtration. The pale brown filtrate is 
then evaporated until, on cooling, it gives a thick paste of fine 
needles, which is filtered from the solution of ammonium chloride 
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and washed with methylated spirit. The product is an almost 
colourless, felted mass of crystals, and, after once recrystallising from 
boiling water, is allowed to dry in the air ; the yield of practically 
pure ammonium salt is about 125 grams from 100 grams of bromo- 
camphor. 

In converting the ammonium bromocamphorsulphonate into the 
sulphonic chloride, the dry salt, in quantities of about 50 grams, is 
triturated with rather more than the theoretical quantity of phos- 
phorus pentachloride, action being started, if necessary, with the aid 
of a drop of phosphorus oxychloride, and the pentachloride being added 
gradually, so that the operation occupies about half an hour. The 
oily product, isolated by extracting with chloroform as previously 
described ( loc . cit, p. 581), solidities on cooling to a mass of crystals, 
and is very much less impure than the preparation obtained by the 
earlier process ; when washed with a little ether on the pump, it 
yields a snow-white powder which consists of practically pure bromo- 
camphorsul phonic chloride ; 100 grams of the ammonium salt give, 
on the average, about 90 grams of the sulphonic chloride. 

The preparation of chlorocamphorsulphonic chloride is carried out 
in an exactly similar manner ; the yield of practically pure ammo- 
nium chlorocamphorsul phonate is about 130 grams from 100 grams 
of chlorocamphor, and 100 grams of this salt give about 80 grams of 
crystalline snlphonic chloride. 


Preparation of Optically Inactive Camphor sulphonic Chloride . 

In preparing this substance, we proceed as described in onr first 
paper, bnt instead of neutralising the aqueous solution of the product 
of sulphonation with barium carbonate {loc. cit, p. 553), we now use 
calcium carbonate, and then convert tho calcium camphorsulphonate 
into the ammonium salt in the manner detailed above. The solution 
of the ammonium salt is concentrated as far as possible over a naked 
flame, and then heated for some days on the water bath ; the residual 
syrup does not crystallise very readily, bnt wheu kept for some time 
it slowly changes into a crystalline sludge, which is collected with 
the aid of the pump j the residue is then recrystallised from a little 
methylated spirit and dried in the air. This preparation still con- 
tains a little ammonium chloride, which may be got rid of by reery- 
stallising from water ; this step, however, is unnecessary when the 
salt is to be used for the preparation of the sulphonic chloride. 

The ireatment of the ammonium salt with phosphorus penta- 
chloride having been earned out in the usual manner (using about 
36 grams to every 50 grams of the salt), and the product extracted 
by shaking with chloroform, the crude snlphonic chloride is obtained 
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as a thick, yellow oil, the yield of which is usually about 65 per cent, 
of the ammonium salt taken. This oil does not crystallise very 
readily or completely even when kept several days, and for this 
reason the most rapid method of p untying it is to extract the crude 
product with light petroleum as previously described ( loc . (it., 
p 551) ; the crystalline deposits from the various extracts are then 
recrystallised from ethylic acetate. 

The purified product contains in this case, as before, a slight 
excess of dextrorotatory camphorsulphonic chloride (loc. cit., 
pp. 554 — 556), which may be separated to some extent by frac- 
tional crystallisation; the remaining portions consist of approxi- 
mately inactive camphorsulphonic chloride having the peculiar 
properties already described. 

The light petroleum solutions from which the camphorsulphonic 
chloride is separated contain two more readily soluble bye-products, 
an account of which will form the subject of a later paper. 

Preparation of Dextrorotatory Camphorsulphonic Chloride. 

Dextrorotatory camphorsulphonic chloride was first obtained during 
the purification of the mixture of optically active sulphonic chlorides, 
produced by treating the crude sodium camphorsulphonate with 
phosphorus pentachloride (loc. cit , p. 554) ; its extraction, however, 
was such a tedious operation, and such very small quantities were 
obtained, that its investigation was necessarily limited. We were 
therefore led to attempt its preparation in other ways, and for this 
purpose we studied the action of reducing agents on ammonium 
bromocamphorsulphonate, a compound which could easily be obtained 
in large quantities. The following method for the preparation of the 
active camphorsulphonic chloride was finally adopted : — Ammoninm 
bromocamphorsulphonate (100 grams) is dissolved in dilute ammonia, 
and zinc dust added in small quantities at a time ; a very consider- 
able rise of temperature occurs at first, but after a time the action 
slackens, and fresh additions of zinc dust produce no effect ; after 
heating on a water bath for about half an hour, the solution is 
filtered, the filtrate saturated with hydrogen sulphide, and the zinc 
sulphide separated. On evaporating the solution to dryness, an almost 
colourless mass of crude dextrorotatory ammoninm camphorsulplio- 
nate, containing, however, a considerable quantity of ammonium 
bromide, is obtained; this mixture, when dried in the air, is 
employed, without further purification, for the preparation of the 
sulphonic chloride, the quantity of phosphoius pentachloride which 
is used being rather more than that calculated on the assumption 
that the salt is a mixture of ammonium camphorsulphonate and 
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ammonium bromide in molecular proportion. The treatment with 
the pentachloride and the extraction of the snlphonic chloride with 
chloroform are carried out in the usual manner. 

The crude product is a pale, yellowish-green oil which soon begins 
to crystallise ; after keeping it several days over sulphuric acid, it is 
mixed with a little dry ether, and the solid collected and recrystallised 
from ethylic acetate. The compound thus obtained crystallises in 
beautiful, well-defined, transparent tetrahedra melting at 137’5° ; its 
identity with the optically active camphorsulphonic chloride 
described in our earlier paper was fully established by an examina- 
tion of the ordinary properties of the substance as well as by a series 
of crystallographic measurements. 


Optically Inactive Camphorsulphonic Bromide , C 10 H lj O‘SO 2 Br . 

The crude ammonium salt obtained from the product of the sulpho- 
nation of camphor with chlorosulphonic acid (p. 357), consists of a 
mixture of the dextro- and Ice vo -rotatory ammonium camphor- 
sulphonates with a little ammonium chloride ; for the preparation of 
optically inactive camphorsulphonic bromide, this salt is triturated 
with rather more than the theoretical quantity of phosphorus penta- 
bromide, and, after an interval of about an hour, the brown, homo- 
geneous, oily liquid is well mixed with powdered ice ; the sulphonic 
bromide, which separates as a yellow oil, is extracted with chloroform, 
the washed extract dried with calcium chloride, and the solvent eva- 
porated on the water bath. The yellow, oily residue slowly solidifies, 
and, after washing with a little ether, the colourless crystalline pro- 
duct consists of practically pure camphorsulphonic bromide; the 
yield is about 35 per cent, of the crude ammonium salt. 

Although we call this preparation optically inactive camphor- 
♦sulphonie bromide for the sake of convenience, it may be stated at 
the outset that it is very doubtful whether the two optically active 
modifications unite to form a definite racemic compound ; the whole 
behaviour of the substance is, in fact, very similar to that of the 
mixture of optically active camphorsulphonic chlorides (loc. cit, p. 560), 
as will be seen from the following description of its properties. 

On recrystallising the preparation from ethylic acetate, it is usually 
deposited in the first place in large, thin, transparent plates, aggre- 
gated together so as to form a honeycomb-like mass* These crystals 
molt, but not at all sharply, at about 125 — 128°, and their formation 
seems to be associated with the presence of excess of one of the 
optically active modifications, as they are usually met with only 
during the first separations. They first begin to form at the surface 
of tho solution as regularly branched dendritic growths which, 
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during the cooling, mo\ e rapidly about on the surface ; the skeletal 
outlines of the crystals subsequently become filled in, and they are 
ultimately obtained as poorly-developed, very transparent, quadratic 
plates, -which have straight extinction, and show the biaxial inter- 
ference figure characteristic of the butterfly-like crystals described 
below. The sides of the plates are at about 90° to each other, and 
on examining the thinner crystals in a parallel beam of polarised 
light, the differences in the interference colours in different parts of 
the plate reveal the presence of small included crystals, which most 
frequently have a triangular shape. From the indefinite melting 
point, and fiom the crystallographic examination of these plates, it 
mnst he concluded that they represent a heterogeneous mixture of 
the two optical antipodes. 

After separating the plates just described, and allowing the filtrate 
to evaporate spontaneously, crystals of various kinds are deposited ; 
as a rule, large, transparent, prismatic masses of somewhat irregular 
shape are deposited, together with smaller, apparently well-defined 
prisms, similar in appearance to those of the optically inactive 
camphorsulphonic chloride (loc. cit, p. 561) ; like the latter, more- 
over, these prisms have no definite melting point, bat sinter together 
towards 115 — 120°, and frequently do not melt completely until the 
temperature rises to about 138°, effervescence then taking place ; they 
evidently consist of a heterogeneous mixture of the two optically 
active modifications, different parts of one and the same apparently 
simple crystal sintering and melting at different temperatures; if 
also part of an apparently homogeneous crystal be crushed to a fine 
powder, the latter usually sinters at 115 — 120°, whereas the rest of 
the crystal often does not undergo any visible change at this tempeia- 
ture. 

Although apparently so well defined, these prisms are in reality 
so poorly developed that measurements were impossible. They seem, 
however, to be orthorhombic, showing the forms m{110} and o{lll}, 
with traces of the pinacoids a{100} and 6{GJ0}, but the forms may 
with equal probability be a{100}, h{010}, tZ{101}, d'[011}, with 
traces of the prism m{110}. An attempt to measure one of the best 
developed of these crystals showed that the angle 110:110, or 
100:010, is approximately 90°; if, therefore, as is possible, these 
prisms consist essentially of approximately equal-sized hemihodral 
crystals of the dextro- and loevo-modifications, twinned together to 
form an apparently holohedral, though badly defined, individual, it 
is obvious that fairly exact measurements would be required in order 
to decide which of the two sets of indices given above be the correct 
one; for from these measurements it would have to be decided 
which was the angle 110 : 110, and which the angle 100 : 010, and 
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since the latter is 90°, and the former — from the approximate equality 
of the a- and 5- axes — is very nearly 90°, this would be a matter of 
considerable difficulty. 

The extinction through the faces in the prism zone is straight, but 
no trace of an interference figure could be seen through these faces in 
convergent polarised light ; on chipping fragments from one of these 
crystals, a piece was found through which could be seen a biaxial 
interference figure of about the same angle as that observed through 
the butterfly-shaped crystals described below. The orientation of the 
fragment was apparently such that its faces lay approximately in the 
prism zone, so that if this were so, the acute bisectrix was perpen- 
dicular to the zone axis. The crystals have no distinct cleavage, 
the fracture is highly conchoidal, and the double refraction is 
moderately strong and positive in sign. 

In our preceding communication, we described prismatic crystals 
of optically inactive camphorsulphonic chloride, which exhibited the 
forms m{110], o{lll}, and more rarely 6{010J ; these forms occupy 
the same relative positions on the crystal as those present on the 
prismatic crystals of the corresponding sulphonic bromide ; the general 
appearance of the prisms of the two substances is also very similar,, 
although those of the sulphonic bromide are much more ill-defined 
than those of the sulphonic chloride. The close resemblance between 
these two sets of crystals, both in optical and geometrical pro- 
perties, renders it extremely probable that they are crystallo- 
graphically similar; it must, therefore, be concluded that the 
prismatic crystals of optically inactive camphorsulphonic bromide, 
like those of the sulphonic chloride, consist of a heterogeneous mix- 
ture of the two optically active substances, which possess but little 
tendency to form a true racemic modification. 

Side by side with the prisms, curiously shaped, butterfly-like, 
transparent plates are sometimes deposited ; these crystals also have 
no definite melting point, and, like the plates and prisms, they appear 
to he heterogeneous mixtures ; portions chipped from the corners of 
the triangular pieces melt fairly sharply at about 127°, but when a 
whole crystal is crushed to a powder, the latter melts at 115 — 125°. 

These butterfly-shaped crystals (fig. 1, p. 362) are seen to consist 
each of two individuals, one of which is usually rather thicker than the 
other, although both lie in the same plane ; on microscopic examina- 
tion under a low power, it is seen that the two modified triangular 
parts interpenetrate, as the edges d can he traced in both individuals 
as shown by the dotted lines in the figure; the plane angle ac, as 
measured on the microscope stage, is 90°, the plane angle ab is 140°, 
and the plane angle ad is 45°. In parallel polarised light, the thin 
crystals are seen to include much smaller ones, which are usually 
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triangular in outline ; the latter, in all probability, consist of partially 
developed tetrahedra of the pure optically active modifications ; the 
extinction in the mass of the twin crystals is parallel to the edge a. 
In convergent polarised light, under a yVth oil immersion objective, 


Pig. 1. 



the trace of the optic axial plane is found to be perpendicular to the 
u-edges, and the upper surface of the crystal is perpendicular to the 
acute bisectrix of both halves of the twin. The interference figure 
is a normal orthorhombic one, and the optic axial angle for red is 
greater than that for blue ; the angle in air for yellow sodium light 
was measured in glycerol in the axial angle apparatus, and found to 
be 3/° 30' as xhe mean of measurements on four different crystals. 
The double refraction is positive and moderately strong and the dis- 
persion is small ; no definite cleavage could be distinguished, and the 
fracture is conchoidal. Since the upper surface of the crystals is per- 
pendicular to a bisectrix and the extinction is parallel to a , the forms 
present would seem to be {100}, {010}, {101}, and {111} ; if the two 
wings of the twin are hemihedrally developed, the two halves of the 
latter form {111} are piesent, It cannot, however, be stated with 
certainty that the wings of the crystals are hemihedral, although their 
unsymmetrical development seems very distinctly to point to this 
conclusion. 

There are, in fact, two ways of regarding these crystals ; it may be 
supposed either that they consist of two crystals of a rac emi c modi- 
fication, which have grown in juxtaposition, or that they consist of 
partially interpenetrant twins made np of two individual crystals, 
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one of dextrorotatory, tlie other of laevorotatory camphorsulphonic 
bromide. The first supposition is extremely improbable because of 
the unsymmetrical development of the crystals, which would not be 
expected in an inactive or racemic compound, and because of the 
improbability of two unsymmetrical crystals of the same substance 
growing in juxtaposition in a symmetrical manner so as to increase 
the symmetry of the whole. The alternative, that these crystals 
consist of partially interpenetrant twins of two crystals of oppositely 
active forms, seems, on the whole, the more probable on crystallo- 
graphical grounds ; in order, therefore, to account for the fact that a 
portion of one of the wings has not the same melting point (144 — 145°) 
as the pure optically active modifications, it is only necessary to 
make the further very probable assumption that the included tetra- 
hedra, which are visible imbedded in the wings, are those of both 
the active forms and not of the corresponding modification only. 

Finally, in addition to the various forms already described, well- 
defined tetrahedra of the pure optically active camphorsulphonic 
bromide are deposited from the ethylic acetate solution under certain 
conditions ; these crystals are easily recognised by their characteristic 
appearance, and are fully described later. 

That all these different crystals, except the tetrahedra, really 
consist of a mixture of the two oppositely active modifications of 
camphorsulphonic bromide, was proved by repeatedly recrystallising 
a sample of the well-defined prisms from ethylic acetate ; in some 
cases, the four-sided plates were deposited, in others the butterfly- 
shaped crystals, in others the prisms ; frequently the two latter were 
deposited side by side ; it was thus shown that the various forms 
represent one and the same substance. 

The original preparation of the inactive substance invariably con- 
tains a slight excess of the dextrorotatory modification, and for this 
reason its solution has a feeble action on polarised light ; in one case, 
for example, the whole of a preparation weighing about 10 grams was 
separated by crystallisation into three fractions, which, on examina- 
tion in the polarimeter, were found to have a specific rotation [a] D ss 
+3’98°, 8*30°, and 13-59° respectively; the excess of the dextro- 
rotatory form in the original sample amounted, in fact, to about 
6 per cent., the specific rotation of the pure optically active com- 
pound being [a]u = +145°. 

By repeated fractional crystallisation it is possible to separate 
most of this excess and to obtain samples which are only very feebly 
optically active ; such samples show the same curious behaviour as 
that exhibited by similar preparations of camphorsulphonic chloride 
(toe. cit, p. 563), that is to say, when they are slowly recrystallised . 
from ethylic acetate, well-defined tetrahedra of both the optically 
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active modifications are sometimes deposited side by side. A 
sample, consisting only of well-defined prisms, was repeatedly 
recrystallised, but without separating any portion of the substance ; 
after several unsuccessful attempts, in which prisms, &c., were de- 
posited, a considerable portion of the substance separated in the 
characteristic tetrahedra of the optically active forms ; these were not 
all of the same kind, because when heated singly they invariably melted 
almost sharply at 144 — 145°, whereas the powder obtained by crush- 
ing together a nnmber of the well-defined crystals sintered at tem- 
peratures ranging from 130° to 135° in different cases, and melted 
completely below 140° ; a perfectly homogeneous mixture of several 
tetrahedra would, doubtless, have melted at an even lower tempera- 
ture, but such a mixture could not be prepared by fusing the crystals 
together, owing to the low temperature at which the mixture begins 
to decompose. On re-dissolving a number of these same tetrahedra 
in ethylic acetate and then allowing the solution to evaporate, the 
transparent prisms were again obtained- 

It is clear, therefore, that, from one and the same solution, the two 
active modifications may he deposited side by side, or they may 
crystallise together in indefinite proportions, a behaviour which con- 
firms our previous observations with optically inactive camphorsul- 
phonic chloride. 

As regards the other properties of the inactive sulphonic bromide, 
it may he mentioned that the substance crystallises very readily ; it 
dissolves freely in chloroform, benzene, and ethylic acetate, hut is 
less readily soluble in ether, and only sparingly in boiling light petro- 
leum. When heated at abont 145°, it is rapidly decomposed with 
evolution of sulphurous anhydride, yielding an optically inactive 
bromocamphor, which will he described in our next paper. 

Dextrorotatory Camjahorsuljphonie Bromide , CioH i5 0 4 SO a Br. 

This is easily prepared from the mixture of dextrorotatory ammo- 
nium camphorsulphonate and ammonium bromide, which is obtained 
by reducing ammonium hromocamphorsulphonate with zinc dust 
and ammonia in the manner already described (p. 338). The air- 
dried salt is triturated with a slight excess of the quantity of phos- 
phorus pentabromide, calculated on the assumption that the salt is a 
mixture of ammonium camphorsulphonate and ammonium bromide in 
molecular proportion, and, after some time, the pasty mass is stirred 
into ice ; the sulphonic bromide, which separates in a partially solid 
condition, is then isolated by extracting with chloroform ; the yield 
is good. The crude product soon begins to crystallise, and, after 
beeping for a few days, it is washed with ether and finally recrystal- 
Jiised from, ethylic acetate, from which it is usually deposited at 
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ordinary temperatures in beautifal, lnstrons tetrahedra or octahedra 
(Figs. 2 and 3). 

Dextrorotatory camphors al phonic bromide decomposes and melts 
at 144 — 145° almost sharply; altbongb whole tetrabedras become 
opaque some time before they melt, they do not seem to decom- 
pose to any appreciable extent below 144°, provided they are 
heated very qnickly from about 130°. If, however, the crystals be 
crashed to a fine powder and then heated very slowly, decomposition 
sets in below 140 5 and the substance gradually liquefies. The 
behaviour of the active sulphonic bromide towards solvents is much 
the same as that of the inactive compound; it dissolves freely in 
chloroform and ethylic acetate, but is less readily soluble in ether, and 
only sparingly so in boiling light petroleum ; it is only very slowly 
hydrolysed by boiling with water, but rapidly by hot potash. 

Fee. 2. Fig- 3 

c ( 




The specific rotation of this compound was found to be [a] D = 
4-145°. r8820 grams were dissolved in chloroform, the solution 

made up to 25 c c , and examined at 12° in a 2-dm. tube ; [a] D = 
4-21° 50' as the average of eight concordaut observations. 

The tetrahedra or octahedra which arc deposited from a cold 
cthylic acetate solution of the sulphonic bromide are frequently a 
centimetre or so in diameter; the tetrahedral crystals closely resemble 
those of dextrorotatory camphorsulphonic chloride, but may be dis- 
tinguished from them by their greater lustre. Both the tetrahedra 
and the octahedra have the same crystallographic dimensions, and 
can be obtained showing the same forms ; the form o, *{111 } is the 
largest present on the tetrahedra, whilst on the octahedra both this 
and the other semi-form o, *{111} are of approximately the same 
size; these two forms give only moderately good reflections. The 
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pinacoids o{100}, 5{010}, and c[001] are very small, and the latter 
only is usually present ; these forms are brilliant, and their faces give 
good, though faint, reflections. The remaining forms p{110}, g{101] , 
and r{011} are but rarely present, and occur simply as narrow strips 
which are only moderately bright. 

Crystalline System — Orthorhombic. Sphenoidal hemihedrism. 
a:lzc= 0*9816 : 1 : 1*0249. 


Forms observed : 
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The following angular measurements were obtained : 
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In physical and optical properties, the crystals closely resemble 
those of dextrorotatory camphorsnl phonic chloride, with which they 
are isomorphous ; their fracture is conchoidal, and a few chance 
fragments chipped off the crystals showed a biaxial interference 
figure, the axial angle of which was found to be 35° on measurement 
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with a micrometer in the eye-piece of the microscope. This value is 
practically identical with that given by the butterfly twin crystals of 
the inactive isomeride. The double refraction is positive and lairJy 
strong. 

A comparison of the axial ratios of the crystals of this substance 
with those of detrorotatory camphorsnlphonic chloride show that the 
two compounds, as was to be expected, are isomorphous. 

CioH 15 0-S0 2 C1 .... a : b : c = 0*9980 : 1 : 1*0368 
CioHwO'SOsjBr .... a : b : c = 0*9816 : 1 : 1*0249 

Both substances crystallise in group six of Groth’s classification, 
exhibit the same forms, and have almost identical axial ratios. The 
similarity in geometrical properties is also extended to the physical 
characters; both have fairly strong positive double refraction, and 
their optic axial angles are of the same order of magnitude. The 
similarity is, as has been shown above, extended even to the behavi mr 
of mixtures of the losvo- and dextro-isomerides. 

The hemihedral character of the crystals is clearly shown ly the 
frequent occurrence of whole crops of tetrahedra; th^ mu«t be 
regarded as conclusive evidence of their sphenoidally hemihedral 
character. On these tetrahedral crystals, the lour faces of one 
semi-form of the octahedron {111} is largely developed, whilst the 
faces of the other semi-form are very small ; this particular selection 
of four feces is not a fortuitous one, inasmuch as crystals do not 
occur which exhibit largely developed a selection of four faces of the 
octahedron {111} other than that demanded by this particular hemi- 
hedrism. The isomorphism of dextrorotatory camphorsulphonic 
chloride and bromide is thus still complete, although the latter 
sometimes occurs in ootahedra whereas the former does not. 

JJromoca-i/iphorsulphonic Bromide , 0 10 HwBrO*S02Br. 

On triturating the air-dried, crystalline ammonium bromocamplior- 
sulphonate, prepared in the manner previously described (p. 356), 
with a slight excess of the theoretical quantity of phosphorus penta- 
bromide, and then keeping the mixture for about half au hour to 
ensure the completion of the action, a pale brown pasty mass is 
obtained ; on slowly stirring this into powdered ice, the . crude 
suiphonic bromide separates as a granular powder, which is collected 
on a filter and dissolved in chloroform ; the solution is then washed, 
dried, and the chloroform distilled off. As the oily residue soon 
solidifies to a hard mass of crystals which is not easily washed, it is 
best to add some dry ether while it is still hot; the sulphonic 
biomide is theu deposited as an almost colourless, crystalline powder, 
which is separated by filtration ; the yield is $t least 60 per cent, of 

VOL. LXVll. 2 c 
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the ammonium salt taken, and further quantities can be obtained 
from the ethereal mother liquors. 

An analysis was made with a portion which had been recrystallised 
and then dried at 100°. 

0*1784 gave 0*2068 C0 2 and 0*0606 H 2 0. C = 31 6 ; H = 3 8. 

CioHuBrO-SO^r requires O = 32*1 ; H = 3*7 per cent. 

Bromocampborsnlphonic bromide has no definite melting point; 
when slowly heated, it begins to decompose at about 137°, but does 
not melt completely until near 145° ; if, however, the tube containing 
the substance be plunged into sulphuric acid at 140°, complete 
liquefaction does not occur until the temperature rises to about 147°. 
It is very readily soluble in chloroform, benzene, and ethylic acetate* 
but comparatively sparingly in boiliDg light petroleum, from which it 
separates in fern-like crystals ; it is only slowly hydrolysed by 
boiling with water. 

From cold chloroform or ethylic acetate solutions, bromocamphor- 

sulphonic bromide is deposited in mas- 
Fis. 4a. sive transparent pyramids (Fig. 4) or 

flat plates with the edges replaced; 
these crystals have a vitreous lustre, 
and their faces, which are not very 
brilliant even when first taken from 
the mother liquor, slowly become duller 
on exposure to dry air. On decanting 
the solution and washing the crystals 
with ether, a very remarkable pheno- 
menon occurs; as the layer of ether 
adhering to the solid evaporates, the 
crystals fly to pieces, emitting a very 
distinct crackling sound, the fragments 
in some cases being projected to a dis- 
tance of several feet. The small pieces 
into which any particular transparent 
crystal are thus divided are quite dull and opaque. 

This disintegration seems to be caused by the reduction in tempe- 
rature attending the evaporation of the ether, for, if the vessel 
containing the crystals be inverted on a piece of filter-paper imme- 
diately after pouring off the ether, so as to check the rapid evapora- 
tion, the crystals can be preserved in a transparent state. Apparently 
the phenomenon is not due to polymorphism, because it occurs either 
on cooling or heating the crystals ; if a beaker containing a quantity 
of crystals, covered by a layer of mother liquor several centimetres 
in thickness, be put on a water bath, the disruption of the crystals is 
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so violent that some of the liquid is projected from the beaker. The 
curious behaviour of the crystals on change of temperature is most 
probably due to their being very brittle and possessing a large 
coefficient of thermal expansion. 

Attempts were made to determine the geometrical constants of the 
crystals, but with little result, the reasons being principally the fol- 
lowing: — When a well-developed crystal had been preserved intact 
until mounted on the Fuess goniometer, it very often disintegrated 
before its measurement was possible, owing to heating by the lamp. 
Further, it was found that no two faces on the crystals were parallel, 
and that consequently their measurement, even under favourable 
conditions, would have been attended with difficulty; it was also 
almost impossible to obtain completely developed crystals. Although 
measurements weie made on about 20 crystals, the data were insuffi- 
cient to permit of the orientation of the various faces ; the absence of 
pairs of parallel faces points to the crystalline system being the 
extremely rare hemihedral subdivision of the anorthic system, and 
further measurements are, therefore, being undertaken in order to 
try and ascertain if this be so. 

The crystals are very brittle, and have one good cleavage ; through 
a cleavage plate, one axis of a biaxial interference figure emerges at 
the edge of the field commanded by a J-in. objective, and in an nn- 
symmetrical position to the faces bounding the plate. On cooling a 
little of the warm, syrupy ethylic acetate solution of the substance 
under a cover slip on a microscope slide, crystalline skeletons separate, 
and the acute bisectrix of these is perpendicular to the cover slip. 
The optic axial angle in air for sodium light was found to he about 
66° on measurement with a micrometer eye-piece ; the double refrac- 
tion is positive and fairly strong, and the dispersion is considerable. 

The specific rotation of bromocamphorsulphonic bromide is [a] D = 
+ 143°; a chloroform solution of 2 9219 grams of the substance 
made up to 25 c.c , and examined at 12° in a 2-decimetre tube, gave 
a D = +38° 26' as the average of six concordant observations. 

Chlorocamjphorsulpho?dc> Bromide , C^HjiClO* SO a Br. 

This substance is prepared from ammonium ehloroeamphorsul- 
phonate which, in its turn, is produced from chlorocamphor by the 
method fully described in the case of the corresponding salt of 
the bromosnlphonic acid ; the treatment of the ammonium salt 
with phosphorus pentabromide, and the isolation of the sulphonic 
bromide by extracting with chloroform, do not require detailed 
description. The residue obtained on evaporating the chloroform 
solution is a brown oil, which, when cooled in a freezing mixture, 
partially solidifies to a mass of crystals ; these are collected by the aid 
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of the pump, and the residue is repeatedly recrystallised from a 
mixture of chloroform and ether, animal charcoal being added to 
remove the brown impurities which adhere veiy tenaciously. 

The pure substance crystallines from chloroform in massive, fern- 
like crystals, from a mixture of benzene and petroleum in transparent 
plates, and from boiling light petroleum in long, slender needles ; like 
the bromosulphonic bromide, it has no definite melting point, hut 
begins to sinter at about 134°, and melts completely at about 145°, rapid 
effervescence taking place ; if heated very quickly from about 140°, it 
decomposes and melts fairly sharply at 145 — 147°. It is only slowly 
hydrolysed by boiling with, water, and its solubility in the various 
organic solvents is much the same as that of the corresponding 
bromosulphonic bromide. 

The specific rotation of the chlorosu 1 phonic bromide is [a]j> = 
4-129*8°; 2*1G22 grams of snbstance were dissolved in chloroform, 
the solution made np to 25 c.c., and examined at 11 ° in a 2-decimetre 
tube ; = 4 - 21 ° 50 r as the average of 10 concordant observations. 

When chlorocamphorsulphonic bromide is dissolved in benzene, and 
the solution allowed to evaporate spontaneously, the substance is 
deposited in lenticular plates, of which the edges are at light angles ; 
the corners are rounded owing to the curvature of the two faces «if 
the plates. These faces are perpendicular to an acute bisectrix, and 
the optic axes are visible under an oil immersion objective; the 
interference figure is the normal orthorhombic one, and the optic axial 
angle in air for sodium light is about 74 ° ; the double refraction is 
positive and strong, but the dispersion is small. No goniometrical 
measurements could he made owing to the curvature of the faces. 

It is interesting to note the great crystallographical dissimilarity 
between the sulphonic chlorides of chlorocamphor and bromocamphor 
on the one hand, and the corresponding sulphonic bromides on the 
other. The former crystallise with readiness in large, well-defined 
isomorphous octahedra, which allow of easy and accurate measure- 
ment, whilst the latter crystallise with less readiness yielding ill- 
defined crystals, the crystallographic dimensions of which will only 
he determined with great difficulty. We cannot assert, however, that 
all fonr substances are not isomorphous ; the optical character's of 
chlorocamphorsulphonic biomide point, in fact, to its belonging to 
the same system as the two sulphonic chlorides ; it is very difficult, 
however, to reconcile the very exceptional behaviour and crystallo- 
graphic properties of bromocamphorsulphonic bromide with those of 
the other three substances of the same type which we have examined. 

Chemical Department, 

Central Technical College^ 

" City and Guilds of London Institute, 
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XLIIL — 7 T-Halogen Derivatives of Camphor. 

By F. Stanley Kipping, PhD., D.Sc., and W. J. Pope. 

The snlphonio chlorides and bromides of camphor, a-chlorocamphor, 
and a-bromocamphor, which we have described in former papers 
(Trans., 1893, 63, 548, and this vol.. p. 354), when heated alone at 
temperatures below 180°, are decomposed into sulphur dioxide and 
simple halogen derivatives of camphor ; this change may be repre- 
sented by the equation 

C 10 HuXO-SO s Y = CioH 14 XYO + S0 8 , 
in which X represents H, 01, or Br, and Y is Cl or Br. 

The compounds prepared in this way are seven or eight in number, 
namely, two monochlorocamphors (dextrorotatory and racemic or 
inactive), two monobromocamphors (dextrorotatory and racemic), 
one dicblorocamphor (dextrorotatoiy), one dibromocamphor (dextro- 
rotatory), and one, probably two, dextrorotatory chlorobromo- 
camphors. 

As these substances are not identical with the corresponding 
halogen derivatives of camphor which are already known, we propose 
to distinguish them, at any rate provisionally, by using the letter w 
(recalling their pyrogenic formation) to denote that halogen atom (Y) 
which, originally, is contained in the snlphonic group ; in the case of 
the new di-halogen derivatives, therefore, the one halogen atom is 
distinguished by 5r, the other (X) by a, the snlphonic derivatives 
themselves having been prepared from the ordinary halogen com- 
pounds which are usually classed as a-derivatives. 

For the sake of clearness, we give, in the first place, a list of those 
chloro-, bromo-, and chlorobromo-derivatives of camphor, containing 
one or two atoms of halogen, which have been prepared up to the 
present time. 

The table (p. 372) inclndes, we believe, all the simple chloro- and 
bromo-derivatives of camphor, containing one or two atoms of these 
halogens, which have been described; it is possible — even probable — 
however, that of all the above mono-halogen compounds, only the 
and ^-derivatives have any real existence, and we hope in the 
near future to curtail this formidable list by proving this to he the 
case. 

The preparation of the sr-halogen derivatives described in this 
paper is, as a rule, an extremely simple operation, as it is only 
necessary to heat the snlphonic chloride or bromide for a short 
time at a temperature ranging from 140° to 180° until the evolution 
of sulphur dioxide is practically at an end ; in some cases, a portion 
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of the product sublimes during the process, and is deposited in 
-crystals on the cooler parts of the vessel, the rest being easily 
obtained in a pure condition by recrystallisation or by distillation in 
•steam. In a few instances, however, notably in the preparation of 
dextrorotatory w-chlorocamphor and in the decomposition of hromo- 
camphorsulphonic chloride, a large quantity of carbonaceous matter 
is formed as the result of secondary actions, and the product is not 
easily isolated. In the case of optically inactive ^-monochlorocamphor, 
the action takes an unusual course, inasmuch as a large proportion 
of the product consists of a pleasant-smelling oil from which the 
crystalline sr-chloro-compound may be separated by fractional dis- 
tillation. Finally, it is interesting to note that the sulphonic bro m- 
ides undergo decomposition at a lower temperature than the 
corresponding sulphonic chlorides, and give virtually a theoretical 
yield of the ir-halogen derivatives, whereas, in the decomposition of 
the sulphonic chlorides, the yield is comparatively small owing, 
apparently, to the occurrence of secondary changes. 

As regards physical properties the Tr-halogen derivatives are, on 
the whole, very similar to the corresponding compounds already 
known. The sr-monohalogen derivatives dissolve freely in all 
ordinary organic solvents, from which, with the exception of inactive 
•ur-monochlorocamphor, they are deposited in small needles or prisms ; 
the 3r-dihalogen derivatives, on tbe other hand, are less readily 
soluble, and are easily obtained in large well-defined orthorhombic 
prisms. All the ar-halogen derivatives sublime readily, u&ually at 
temperatures below their melting points, and they are all volatile in 
steam. 

In spite of the fact that the number of mono- and di-halogen 
derivatives of camphor now known amounts to at least 16, and 
the great probability that all these compounds are related to one 
another in an extremely simple manner, there does not seem to be any 
regularity in the melting points of the halogen derivatives them- 
selves, or any connection between the melting points of the 7r-deriva- 
tives and those of the sulphonic compounds from which they are 
produced. Dextrorotatory w-monochlorocamphor, for example, melts 
at 139 — 139*3°, and the corresponding bromo-compound at 93 4°, a 
difference of 46° ; in the case of the ordinary a-monohalogen deriva- 
tives, however, the difference in melting point is only 20° ; again, 
aar-dichlotfo- and asr-dibromo-camphor melt at 117*5 — 118*5° and 
152*5 — 153° respectively, whereas in the case of the corresponding 
a-dihalogen compounds the dibromo- derivative melts at a lower tem- 
perature than the dichloro-derivative. A similar want of regularity 
is observed on comparing the melting points of the ^-derivatives with 
those of the sulphonic compounds from which they are derived ; but 
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here, unfortunately, some of the data are rendered untrustworthy by 
the fact that the sulphonic bromides decompose at, or below, their 
melting points. 

A very remarkable phenomenon is observed in the case of racemic 
and dextrorotatory 7r-monobromocamphor ; these two compounds melt 
at practically the same temperature, namely, at 92*7° and 93‘4° res- 
pectively, and the melting point of the one is not appreciably affected 
by the presence of the other ; consequently all mixtures of the two 
substances have practically the same melting point, namely, 
92-7 — 93*4°. A similar behaviour is met with in the case of inac- 
tive and dextrorotatory v-monochlorocamphor ; the difference in 
melting point is only about 1°, and all mixtures of the two sub- 
stances melt at 138 — 139°. 

As is well known, the determination of a melting point in the 
ordinary manner is not a very accurate process, and even with one 
and the same apparatus and one and the same substance, the observed 
melting point varies slightly according to the way in which the opera- 
tion is conducted ; hence, in the case of compounds which melt at so 
nearly the same temperature as the two v-monochlorocamphors and 
the two corresponding hromo-compounds, it is almost impossible to 
observe any difference in melting points unless the two substances 
are directly compared. The results of experiments made in this 
manner at first indicated that the isomerides in question had 
exactly the same melting point (Proc., 1895, 39), as they liquefied 
simultaneously when the capillary tubes were heated together in one 
bath ; these observations, however, proved to be not quite correct, 
probably owing to the fact that the active isomerides were not abso- 
lutely pure and liquefied slightly below their true melting points. 
When carefully purified samples of the two w-monochlorocamphors 
and of the two v-monobromocamphors, the melting points of which 
were constant, were examined, it was found that the optically inac- 
tive compound invariably melted before its active isomeride; the 
difference, however, was very small and did not exceed 1° in either 
case. 

All these observations with the sr-mouohalogen compounds were 
made with a standard thermometer graduated to 0*2°, and in every 
case the temperature was raised extremely slowly. The active 
ar-monobromo-compound melted absolutely sharply, and the active 
v-monochloro-derivative liquefied completely within a range of about 
0*3° ; the inactive compounds, however, especially the chloro-deriva- 
tive, did not melt quite sharply even after about 20 recrystallisations, 
and the two mixtures which were examined showed a nimiW 
behaviour; it seems hardly possible that this slight sintering in the 
case of the inactive substances, could have been due to the presence 
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of traces of tlie active compounds, since the addition of large quanti- 
ties of the latter produced no appreciable effect ; we are, therefore, 
inclined to adopt the view that the somewhat indefinite melting 
points of these inactive compounds is due to a change in crystalline 
form or is a specific property of the substances. 

Unfortunately, owing to our inability to obtain the inactive 
w-chlorocamphor in a form suitable for crystallographic examination, 
we are unable to state positively that it is a true racemic compound ; 
we consider it to be so, however, for the following reasons : — Optic- 
ally inactive sr-monobromocamphor, as is shown by crystallographic 
examination, is a true racemic modification, that is to say, it is a 
definite crystalline compound, and not a mere mixture of the two 
optical antipodes; since, therefore, the relation between optically 
inactive sr-monochloro camphor and its optical isomeride is, on the 
whole, very similar to that between racemic 7r-m onobromocamphor 
and its optical isomeride, and the two optically inactive substances 
are so nearly related in composition and constitution, it is probable, 
judging from analogy, that the optically inactive chloro-componnd is 
also a racemic modification. 

Leaving the sr-monoch loro-derivatives ont of consideration, there 
still remains the case of the 7r-monobromo-compounds, which we 
believe to be the first on record in which two substances, differing 
in crystalline form, have no effect on each other when melted 
together; in this respect they show the behaviour of isomorphoos 
substances, a fact which is all the more remarkable when it is borne 
in mind to how great an extent the melting point of a substance is 
usually lowered by admixture with a stereochemical isomeride; it 
would be of interest, therefore, to ascertain whether this behaviour is 
shown by other organic compounds which are related to one another 
in the same way as these two derivatives of camphor. 

The possible importance of cases of polymorphism amongst sub- 
stances possessing optical activity in solution, in connection with the 
question of circular polarisation, has been recently pointed out by 
Jungfleiseh and Leger ( Oompt . rend., 1895, 120, 325), and, in the 
course of this investigation, opportunities have occurred for studying 
substances of this nature. Several of the sr-monohalogen derivatives of 
camphor are polymorphous, and the crystalline forms of the different 
physical modifications have been examined to some extent; we have, 
however, by no means exhausted the investigation of these highly 
interesting substances, and the facts recorded in this paper are 
merely those which were brought out during the ordinary examina- 
tion of the new compounds. In one instance, namely in that of 
dextrorotatory sr-monobromocamphor, two of the forms in which it 
exists are directly obtainable by crystallisation under different con- 
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ditions, the one melting at about 60°, the other at 93*4° ; the change 
of the less into the more stable modification at oi dinary tempera- 
tures may be accomplished without the aid of heat, in a very simple 
manner, and as the change is accompanied by a marked alteration in 
form, clearly visible to the naked eye, the operation is a very suitable 
one for lecture demonstration. 

In the majority of cases, only one of the modifications appears to be 
sufficiently stable at ordinary temperatures to allow of its preparation 
by crystallisation under the usual conditions; it is possible, how- 
ever, that the experiments which are now in progress may show that 
other modifications may be obtained and kept, as in the case of 
dextrorotatory sr-monobromocamphor. 

As is well known, when a substance exists in polymorphous forms, 
the modification stable at the highest temperature is usually that 
possessing greatest geometrical symmetry ; in this respect the 
sr-monohalogen derivatives form no exception to the general rule, the 
modifications in question belonging to the cubic system, which has 
nine planes of symmetry, whilst those stable at ordinary temperatures 
are either tetragonal or orthorhombic with five and three planes of 
symmetry respectively. 

The aar-dilialogen derivatives which we describe are evidently 
substances of analogous constitution, judging both from their methods 
of formation and from their crystallographic properties ; they form a 
very well-defined, isomorphous series, the angular dimensions and 
the axial ratios of the various members being very nearly the same. 

The specific rotations of all the new optically active w-halogeu 
compounds have been determined, and the values are considerably 
higher than those for the previously known isomerides ; the experi- 
mental data thus obtained, and those collected during the study of 
the sulphonic chlorides and bromides, together with the lecorded 
values for the known halogen derivatives, are sufficiently numerous 
to afford material for a careful consideration of the relation between 
chemical composition and specific rotatory power ; this matter has 
already received our attention, but, in view of its importance, we 
reserve its discussion for a future paper. 

The main object of our work in this particular field, namely to. 
throw some light on the still problematic constitution of camphor, is 
advanced but little by the facts recorded below ; hitherto we have 
been led to neglect the purely chemical side of the question by the 
constant occurrence, in the substances prepared, of interesting physi- 
cal properties, well worthy of a much more exhaustive study than we 
have yet been able to bestow. 

Attention may, however, be drawn to the more important chemical 
facts which have been established, one being that on sulphonating 
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camphor, the sulphonic group does not displace the particular 
hydrogen atom which is eliminated on converting camphor into the 
ordinary a-monohalogen derivatives; this follows, of course, from 
the non-identity of the sr- and the a-halogen compounds, and also 
from the fact that on reducing bromocamphorsulphonic acid with 
zinc dust and ammonia, it is converted into a sulphonic acid, the 
sulphonic chloride of which yields a w-monochlorocamphor, identical 
with that obtained from the camphorsnlphonic acid prepared by 
direct sulphonation of camphor. It has also been found that the 
jr-halogen atom, which is introduced with the aid of the sulphonic 
group, is eliminated, on reduction, much less readily than the 
a-halogen atom, inasmuch as aTr-dichlorocamphor is converted into 
w-monochlorocamphor on treatment with nascent hydrogen. 

The further investigation of these new halogen derivatives, and of 
the sulphonic compounds from which they are derived, is in progress, 
and the results which have already been obtained (Proc., 1895, 33), 
give promise of others even more interesting as the work advances. 

Dextrorotatory T-MonocMorocamghor, C10H15CIO. 

Pure dextrorotatory camphorsnlphonic chloride (m. p. 137*5°), pre- 
pared by the method already described (this vol., p. 358), is heated in 
quantities of about 2 grams at a time, in a loosely corked test-tube 
dipping into a metal bath, the temperature of which is indicated by 
a thermometer placed in the test-tube ; decomposition commences at 
about 160 — 170°, and a brisk effervescence sets in at about 175°, but 
at the same time the liquid darkens considerably, and traces of hydro- 
gen chloride seem to be evolved ; after heating for about 10 minutes, 
the temperature having been slowly raised to about 190°, the evolu- 
tion of gas practically ceases. The product, a thick, tarry mass, is 
then subjected to distillation in steam, whereupon an almost colour- 
less, pleasant-smelling oil passes over, a large quantity of pitchy 
matter remaining in the distilling flask* The oil soon becomes pasty, 
and after a few days solidities to a crystalline mass, which is sepa- 
rated and spread on porous earthenware to free it from adhering oil ; 
the crude dextrorotatory sr-monochlorocamphor thus obtained is 
Anally purified by crystallisation from dilute alcohol, or from light 
petroleum. 

0-1432 gave 0*3400 C0 8 and 0-1053 H*0. C = 64*75 ; H s 8*17. 

Theory. C = 64*37 ; H = 8*04 per cent. 

The yield of w^monocUorocamphor by the above method is com- 
paratively small, amounting only to about 15 per cent, of the theo- 
retical, the main product consisting of a pitch-like mass, which did 
not invite investigation. 
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Dextrorotatory Tr-monoclaloi ocampkor melts at 189 — 139*3° and 
snblimes in needles, even at temperatures below its melting point ; 
it is volatile in steam, and distils under ordinary atmospheric pressure 
when heated in small quantities at a time, only slight decomposition 
taking place. It is practically odourless at ordinary temperatures, 
but when heated it evolves vapours which have a faint, camphor- 
like smell, and at the same time a slight odour of turpentine. 
Although it is not so readily soluble as inactive w-monochlorocamphor 
(see below), it nevertheless dissolves very freely in all ordinary organic 
solvents, even in cold light petrolenm, and for this reason could not 
be obtained from its solutions in well-defined ciystals ; it is nsually 
deposited from dilute alcohol in long, flat needles, and from petro- 
leum in small, acicular crystals, but from a mixture of petroleum 
and ethylic acetate it is sometimes obtained m long, transparent, 
flattened prisms, terminating in ragged ends. The best-defined 
crystals, however, were obtained from the porous earthenware which 
had been nsed in the purification of the crude product. On exposing 
the clean side of the ware to a very gentle heat for some weeks, the 
compound slowly sublimed on to the outside in well-defined prisms. 
These crystals were about 1 mm. in length and 0'1 mm. in diameter, 
and were simply hollow prismatic shells ; the extinctions in the prism 
zone were straight, but no trace of an interference figure could be 
discerned through them. On measuring the angles in the prism zone, 
several were found to be 45°, thus indicating that the crystals were 
tetragonal. 

On melting a little of the substance on a microscope slide under 
a cover slip, and allowing it to cool, the solidified mass, whilst still 
warm, is seen to be perfectly isotropic ; as it cools still further, how- 
ever, cracks are seen to gradually run across it, and the crystalline 
plates become feebly anisotropic. The double refraction increases to 
such an extent that, on rotating the nicols, the plate may be seen to 
consist of a number of individuals which do not all extinguish at 
the same time ; the birefringence is, however, still very weak. Sud- 
denly, as the temperature continues to fall, the crystalline form of 
the substance commences to change at one corner of the plate, and a 
new growth runs rapidly across; the new crystals thus obtained 
possess fairly strong double refraction, and apparently belong to the 
tetragonal system, as the interference figure of a uniaxial crystal 
can be seen through some of the individuals of which the plate 
is composed. The examination of the interference figure is com- 
plicated by the fact that the optic axis always appeared at the 
edge of the microscopic field, and could not be got central. The 
cross in the centre of the figure appears to open slightly as the 
nicols are rotated ; this, however, is very slight, and may be attri- 
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“bated to the same cause as that which makes many tetragonal 
substances appear biaxial, with a small axial angle. On reheating 
the cooled preparation, the same scries of changes occurs, but in tbe 
reverse order; this substance therefore affords a case of enantiotropy. 

The above observations show that dextrorotatory w-monochloro- 
camphor is dimorphous, crystallising in the cubic system at high, 
and in another system, apparently the tetragonal, at ordinary, tem- 
peratures ; the polymorphism is, however, not so well marked as in 
the case of the active sr-monobromocamphor described below, inas- 
much as the change of one modification into the other proceeds less 
regularly, and does not give such large and easily distinguished 
crystalline individuals. 

The specific rotation of dextrorotatory 7r-monochlorocamphor is 
[a]j) = +99*88°; a solution of 0*5882 gram in chloroform, made 
up to 25 c.c., and examined in a 2 decimetre tube, having given 
a rotation of a D = +4° 42' as the mean of eight concordant observa- 
tions. 


Inactive vr-Monochlorocampkor . 

Since the two optically active modifications of camphorsulpbonic 
chloride do not form a very definite racemic compound, and since, 
moreover, the sulphonic chloride obtained from the product of the 
sulphonation of camphor contains a larger proportion of the dextro- 
than of the l® vo-rotatory isomeride, it was necessary to carefully 
recrystallise a large quantity of the sulphonic chloride, in order to sepa- 
rate as far as possible the excess of the dextrorotatory substance from 
the samples to be employed in the preparation of inactive sr-mono- 
chlorocamphor ; otherwise, should the inactive w-ehlorocamphor be 
as readily soluble as the active isomeride just described, its separation 
from the latter would not bo easily accomplished. For this reason, 
a considerable quantity of the crude sulphouic chloride was repeatedly 
recrystallised from cold othylic acetate, and any tetrahedra which 
wore deposited were separated mechanically. Having thus obtained 
a preparation which had doubtless a comparatively small rotatory 
power, the substance was boated in loosely corked test-tubes in 
quantities of about 2 grams at a time ; its behaviour was very similar 
to that of the active sulphonic chloride, except that effervescence 
seemed to set in at a rather lower temperature, and only a trace of, 
if any, hydrogen chloride was evolved; after heating for about 
15 minutes, slowly raising the temperature to about 190°, effervescence 
•ceased, and the thick, dark, oily residue was subjected to steam dis- 
tillation. 

The pale yellow oil which collected in the receiver had a very 
pleasant, sweet odour, quite unlike that of camphor; as it did not 
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solidify, it was extracted witli ether and fractionally distilled under 
a pressure of 100 nun. It began to boil at about 160°, and the ther- 
mometer then rose continuously to about 185°, by which time the 
whole had passed over; the two fractions in which the distillate 
had been collected, at once deposited a considerable quantity of a 
crystalline substance which looked like camphor, and which was 
separated by filtration; further quantities of this solid were isolated 
by fractionating the oily mother liquors under atmospheric pressure, 
and then cooling the several fractions (220 — 240°, 240 — 255% 
2 55—270°) in a freezing mixture, when that of highest boiling 
point solidified almost completely. 

The crystalline product was now freed from oil with the aid of 
porous earthenware, recrystallised from dilute alcohol, and dried 
over sulphuric acid. Analysis showed it to be a monochlorocamphor, 

0-1619 gave 0*3794 C0 3 and 0*1205 H a O. O = 63*91 ; H = 8*27. 

0-1438 „ 0-3383 „ „ 0*1096 „ C = 64*16 ; H = 8*47. 

0*2754 „ 0*2155 AgOl. 01 = 19*35. 

Theory : C = 64*37 ; H = 8*04; Cl = 19*00 per cent. 

A sample was then examined in the polarimeter, in order to ascer- 
t ain what excess, if any, of the dextrorotatory chlorocamphor was 
present, as it was probable that the sulphonic chloride which had 
been used in its preparation was feebly dextrorotatory ; a solution 
of 0*9602 gram in chloroform, diluted to 25 c.c., and examined in 
a 2 decimetre tube, gave = +0° 23', from whence [a] D = 
+4-99°. 

The excess of the dextrorotatory compound was therefore about 
5 per cent. The sample was then fractionally recrystallised from 
dilute alcohol, the middle fraction collected, and again recrystallised ; 
the middle fraction from this second operation was employed for an 
examination of the properties of the substance. 

Although it is impossible to say with certainty that the substance 
prepared in this way is a definite racemic compound, owing to its 
somewhat ill-defined properties, we believe that this conclusion accords 
best with our observations. The optically inactive w-monochloro- 
camphor melts at 138 — 138*3°, but sinters slightly at about 136% even 
after repeated recrystallisation ; it is readily soluble in all ordinary 
organic solvents, and, like the dextro-modification, it sublimes 
readily, is volatile in steam, and distils without decomposition under 
atmospheric pressure ; its vapours have a camphor-like odour, but the 
substance itself has only a very faint, sweet smell at ordinary tem- 
peratures. It usually crystallises from cold dilute alcohol in fern- 
like forms, similar in appearance to flowers of camphor, and quite 
different from the long, flattened prisms of the active modification^ 
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if, however, these fern-like crystals are left in contact with the 
mother liquors, they are sometimes slowly converted into compact, 
opaque, crystalline masses (A), which on microscopic examination 
are seen to consist of slender needles having straight extinction. If, 
on the other hand, these fem-like crystals are left on porous earthen- 
ware for some weeks, part changes into highly lustrous, well-defined 
crystals, which are seen embedded in the remaining camphor-like 
mass. These lustrous crystals are compact pyramids, quite distinct 
in shape from the thin needles mentioned above. It may be noted, 
too, that in one case a sample of the compact opaque crystals (A), 
which were kept for some weeks in a dessicator, underwent a com- 
plete change in outward appearance, minute needles having grown 
from the central compact mass, from which they projected in all 
directions. The melting point of all these forms was the same, 
namely, 138— 138'3°. 

As in the case of the optically active modification, some of the 
best defined crystals of inactive w-monochlorocampbor were obtained 
from the porous earthenware on which the crude product had been 
spread ; these consisted of slender prisms showing straight extinc- 
tion, and, like the other forms, melted at 138 — 138*3°. 

The behaviour of inactive w-monochlorocamphor, on heating, is 
remarkable ; as stated above, all the samples obtained by crystallisa- 
tion or by the spontaneous change of such samples melt not quite 
sharply at 138 — 138‘3°, and, on quickly cooling the melting point tube, 
by taking it out of the sulphuric acid, the solidified substance fuses 
again at the same temperature ; if, however, the tube be allowed to 
remain in the sulphuric acid while the latter cools slowly to the ordi- 
nary temperature, the substance sometimes does not solidify until the 
temperature falls to about 20°, and, on again heating, it melts at 
25 — 28°. Inactive sr-monochlorocamphor is therefore dimorphons, 
the two forms differing in melting point by about 110°. So large 
a difference in melting point between two such modifications is, 
we believe, unique, as the various polymorphs of one substance 
usually melt within a few degrees of each other, and only in very 
few cases does the difference in melting point exceed 20°. 

This peculiar behaviour towards heat would seem to stamp optically 
inactive sr-monochlorocamphor as physically distinct from its active 
isomeride, and, for this and other reasons already mentioned, the 
conclusion that the inactive substance is a true racemic compound 
would seem to be a legitimate one. 

Owing to the incomplete separation of the solid inactive w-mono- 
chlorocamphor from the oil by which it was accompanied, a com- 
paratively small yield is obtained, although the quantity of the crude 
oily mixture which distilled in steam amounted to lather more than 
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50 per cent of the weight of sulplionic chloride taken ; the rest was 
converted into carbonaceous matter. The formation of an oil in such 
large quantities in this case is certainly an interesting fact, since no 
similar product was obtained in the decomposition of optically active 
camphorsulphonic chloride. An analysis of the oil has not yot been 
made, as, with the quantity at our disposal, it could not be completely 
separated from the chlorocamphor by distillation; it was found, 
however, to he readily oxidised by potassium peimanganate in cold 
acetic acid, solution, and also by nitric acid. When it was heated 
with dilate nitric acid in a reflux apparatus, a large quantity of 
chlorocamphor collected on the cooler parts of the condenser, and the 
oil gradually passed into solution ; from this solution, a considerable 
quantity of a crystalline acid, which was sparingly soluble in boiling 
water, was isolated, and oxalic acid and an oily product were also 
obtained ; these oxidation products will he further examined. 

Dextrorotatory 7r-Monob rom ocavyphor, O w Hi 5 BrO. 

On heating dextrorotatory camphorsulphonic bromide (this vol., 
p. 364) in a heaker placed in a metal bath and covered with a clock- 
glass, decomposition sets in just as the crystals begin to melt, and, 
on raising the temperature to about 15-3®, a very vigorous evolution 
of sulphur dioxide commences; when treating quantities of abont 
4 grams at a time, the conversion into sr-monobromocamphor is com- 
plete in about 5 — 7 minutes. No fumes of hydrogen bromide are 
observed daring the operation, and the product is only slightly 
coloured ; it is unnecessary, therefore, to distil in steam, as the com- 
pound is easily purified by recrystallisation. 

An analysis of the pure preparation showed it to he a monobromo- 
caanphor. 

0-1503 gave 0*2874 C0 2 and 0*0937 H»0. O = 52*15 ; H = 6-93. 

Theory: C = 51*95 ; H = 6*5 per cent. 

The yield in this case is practically theoretical, no carbonaceous 
matter or secondary products being formed ; this fact is all the more 
striking when it is borne in mind that, in the decomposition of the 
corresponding sulphonic chloride, the yield of dextro-7r-monochloro- 
camphor is comparatively small. 

For the determination of the rotatory power of the substance, a 
solution of 1*5301 grams in chloroform, diluted to 25 c.c., was 
examined at 15° in a 2 decimetre tube ; the average of nine con- 
cordant observations gave = +14° 12', whence the specific 
rotation [a]j> = +116*01°, 

Optically active *r-monobromocamphor is volatile in steam and 
ft&hli&es readily ; it dissolves freely in all ordinary organic solvents, 
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and is best recrystallised from light petroleum or dilute alcohol, from 
both of which it separates in the cold in long, colourless needles ; the 
melting point of the crystals obtained in this way is usually 93‘4°, 
but the compound is di- or poly-morphous, and shows the following 
interesting behaviour. 

On allowing its solution in warm dilute alcohol to crystallise 
rapidly, but without agitation, moss-like needles are sometimes 
deposited ; if these crystals be taken out of the solution and spread 
on porous earthenware, they melt at about 60 — 68°, but frequently 
change spontaneously into the modification melting at 93*4°, with- 
out any change in form visible to the naked eye ; as a rule, how- 
ever, without any very obvious alteration in the conditions of the 
experiment, the crystals directly deposited from the alcoholic solution 
melt at 93’4°. In one experiment, in which a warm solution had 
been put to crystallise slowly during the night, these two modifica- 
tions were deposited side by side, the smaller needles from the upper 
layers melting at 98*4°, whereas a few larger ones, which were 
deposited at the bottom of the beaker, melted at about 68°. Although 
this extraordinary behaviour was only noted on one occasion, there 
is no doubt as to its correctness; it might, of course, be explained 
by assuming that all the crystals really consisted of the modi- 
fication melting at 60 — 68°, but that the larger ones did not change 
into the form melting at 93*4° so readily as the smaller ones, and 
consequently remained unaltered during the operations attending 
their removal from the solution and introduction into the melting- 
point tube. This assumption, however, in onr opinion, is not war- 
ranted, because the two kinds of crystals differed so much in appear- 
ance that they were thought to be different substances, and for this 
reason only were they melted separately; it must be concluded, 
therefore, that, at first, crystallisation took place at a temperature at 
which the modification melting at 60 — 63° is stable, hut that, as the 
solution cooled, the conditions became favourable to the deposition of 
the form melting at 93-4°, the two crystalline varieties thus sepa- 
rating at different temperatures. This view is, we think, much more 
pi*ohable than that crystallisation occurred at the temperature of 
equilibrium between tho two modifications, and is supported by the 
fact that the two kinds of crystals were not, to our knowledge, 
touching each other, hut, from the loosely aggregated character of 
the crystalline mass (which resembled that assumed by motadinitro- 
benzene crystallising from its dilute solution in weak alcohol), might 
well have been quite apart, in which case, of course, the modification 
stable at the lower temperature would have been unable to induce the 
change of the less stable form. 

When dextrorotatory sr-monobromo camphor is melted and then 
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rapidly cooled from about 95°, by taking tlie tube out of tbe hot 
bath, the substance immediately solidifies, giving the modification 
melting at 93*4° ; if, however, the tube containing the liquefied sub- 
stance be allowed to remain in the bath until the temperature falls to 
about 50°, and is then taken out, the liquid solidifies on further 
cooling, giving the modification melting at about 60°; the melting 
point, however, is not very sharp, owing, doubtless, to partial change 
into the other form taking place. 

The existence of two crystalline forms, and the change of one into 
the other, may be very easily demonstrated in the following manner. 
The substance is dissolved in such a quantity of warm dilate alcohol 
that crystallisation takes place readily on cooling a little ; the test- 
tube containing the warm, clear solution is then rapidly cooled 
under the tap, stirring vigorously all the time; in this way, the 
modification of lower melting point is deposited as a granular powder, 
consisting of fem-like crystals ; if, now, a fragment of the modifica- 
tion melting at 93*4° be dropped into the solution and the mixture 
stirred, the granular powder immediately changes into a balky, moss*, 
like mass of needles, totally different in appearance from the granular 
powder. This change sometimes occurs spontaneously, when the 
test-tube containing the liquid and crystals is allowed to stand at 
ordinary temperatures for a few hours. 

On pouring some of the contents of the test-tube on to a micro- 
scope slide before the change of the granular powder has been 
brought ahont, and then watching the crystals under a low power, 
the transformation is exceedingly interesting ; on placing a crystal 
of the modification melting at 93*4° in contact with the edge of the 
liquid, the fem-like crystals rapidly change into small prisms ; long 
needles then at once begin to form and gradually grow longer and 
longer, and, as they approach the prisms, the latter disappear, their 
place being taken a second or two later by a mass of the long 
needles. This would seem to indicate that the substance is tri- 
morphous, and further evidence in favour of this view is adduced 
below. The curious disappearance of the prismatic crystals as 
the needles approach them is probably due to their solubility being 
greater than that of the needles; a similar phenomenon has been 
observed by Lehmann in the case of two of the modifications of 
ammonium nitrate. 

On fusing a few milligrams of active sr-monobromocamphor on a 
microscope slide under a cover slip, and then allowing it to cool, 
solidification to a cubic modification occurs while the slide is still hot ; 
this modification crystallises in long needles with projecting branches 5 
on either side, and is completely isotropic. It may be conveniently 
-observed orfchoscopically under a J-inch objective with the nicols 
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crossed so as not quite to extinguish the light. After the prepara- 
tion has cooled to nearly the ordinary temperature, a change in crys- 
talline form is observed to start at one comer of the field and pass 
slowly across; the new modification is seen to consist of large 
numbers of small patches possessing fairly strong double refraction, 
so that the field is illuminated by interference colours of high orders. 
The crystals are uniaxial, the principal axis of many of the patches 
being perpendicular to the surface of the slide, and the double 
refraction is positive. The line of progress of this modification 
across the plate is followed very rapidly by another, the crystalline 
form apparently changing a second time; the new crystals thus 


Fig. 1. 



obtained have the same outline as the patches of the first uniaxial 
modification, and the principal axis of the latter remains the principal 
axis of the new form which also has positive double refraction. The 
only apparent difference between these two uniaxial forms is that 
the magnitude of their double refraction is slightly different ; the 
two forms may, therefore, ultimately be found to be structurally 
identical but possessing refractive indices which change considerably 
with the temperature. A rough representation of these various 
modifications undergoing change is given in the appended sketch 
(Kg. 1). 
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These changes may be conveniently observed macroscopically as 
they occur on the slide : the cubic modification is first seen to form 
and to sweep slowly across the slide converting the liquid into a 
transparent film ; after a few seconds, part of the outside of the film 
becomes white and much less transparent, and this change also slowly 
extends across the plate ; a millimetre or so behind this the second 
change in crystalline form occurs, and is seen to pass over the plate* 
rendering it even more white and opaque. 

The uniaxial modification of active 5r-monobromocamphor which 
finally results from this series of changes is identical in form with 
that deposited from cold petroleum solutions. The latter consists of 
long, flattened, transparent prisms possessing a vitreous lustre ; the 
faces are bright when the crystals are first re- 
moved from the solution, but on exposure to 
the air for a few hours, lose greatly in bril- 
liancy. There is a great deal of internal stria- 
tion parallel to the c-axis ; as a rule, the crystals 
only exhibit faces in the prism zone, the ends 
being ragged, but sometimes they show several 
faces of the form o{lll} atone end; the faces 
axe not very plane, and give bad images. On 
cutting a fragment perpendicular to the c-axis, 
a piece is obtained through which the interfer- 
ence figure of a uniaxial crystal can he seen ; the 
double refraction is positive in sign and fairly strong. 

Crystalline System : Tetragonal, 
a : c 1 : 0’4377. 

Forms observed — 

ffl ........ {100} ooPco, 

0 {111} P. 

The following angular measurements were obtained. 

No. of 

Angle. observations. Limits. Mean. Gale. 

ao — 100 : 111 14 67 ° 31 ' — 68 ° 47 ' 68 ° 9 ' — 

oo = 111 : 111 6 4*3 0—44 11 43 31 43 ° 43 ' 

These being tetragonal crystals of a simple kind, two sots of 
indices are possible, the alternative set being a{110} and o{101}; 
using these indices, the axial ratio is a : c = 1 : 0 6190, No trace of 
hemihedrism could be detected in the crystals, the faces of the 
form o{lll} never being reduced in number so as to accord with a 
tetragonal hemihedrism, although usually only two or three of them 
are present on the crystals. 
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On rapidly heating these transparent crystals by plunging the 
melting-point tube containing them into snlphnric acid at or above 
60°, they immediately become opaque and then transparent again, 
but without breaking up ; they do not melt, however, until the tem- 
perature rises to 98*4°. 

Bacemio ir-Mono bromocamphoi', Ci 0 H 16 BrO. 

The camphorsulphonic bromide which was required for the pre- 
paration of optically inactive 7r- mon obr o mo camphor was obtained by 
the method described in the preceding paper (this vol., p. 359), and, for 
reasons already mentioned, samples containing as small an excess as 
possible of the dextro-modification were employed ; such samples 
were prepared by repeatedly recrystallising portions of 4 or 5 grams 
and separating any of the characteristic tetrahedra of the active 
modification which were deposited. The approximately inactive 
substance, in quantities of about 2 grams at a time, was then heated 
at 145 — 155° in a beaker placed in a metal bath and covered with a 
clock glass; its behaviour was very similar to that of the active 
sulphonic bromide, sulphur dioxide was evolved with great rapidity, 
and very little charring occurred; after heating for about five 
minutes, the residue, which solidified on cooling, was purified by 
recrystallisation from dilute alcohol with addition of animal charcoal, 
and then from a mixture of ether and petroleum. 

Analysis gave results agreeing with those required for a bromo- 
camphor. 

0-1691 gave 0*3226 CO* and 0*1014 H*0. C = 52*03 ; H = 6*66. 

Ci Q H 16 BrO requires C = 51*95 ; H = 6*5 per cent. 

The yield of crude but practically pure inactive ar-monobromo- 
camphor obtained in this way is very nearly theoretical, and no 
secondary actions of any importance occur. 

An optical examination of a preparation which had been crystal- 
lised two or three times showed it to be practically free from dextro- 
rotatory w-monobromocamphor, inasmuch as a chloroform solution of 
2*7600 grams diluted to 25 c.c. gave in a 2 decimetre tube a D = +16', 
corresponding with [a] D = +1*20° ; the quantity of the dextro- 
rotatory modification was therefore only about 1 per cent. 

Inactive sr-monobromocamphor resembles the other w-monohalogen 
compounds in ordinary properties ; it sublimes readily, is volatile in 
steam, and distils without decomposition under atmospheric pressure 
if heated in small quantities at a time. Although it dissolves 
freely in all ordinary organic solvents, it is certainly less soluble in 
boiling light petroleum than the corresponding active modification, and 
apparently also in other solvents ; it also crystallises more readily 

von. nxvn. 2 e 
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and in a greater diversity of habits than the active isomeride, the 
crystals, moreover, being more massive. It separates from a mixture 
of light petroleum and ether, for example, in well-defined transparent 
.prisms (see below), and from ether alone in very massive pyramids 
which easily attain 1 cm. in thickness. As ordinarily obtained from solu- 
tion, it melts at 92*7°, but, like the active isomeride, it is undoubtedly 
dimorphous ; when the liquefied substance is allowed to cool, it soon 
solidifies to a transparent, crystalline mass, which gradually becomes 
opaque as the temperature falls to about 40° ; on heating again, the 
reverse change is observed, but the transparent crystals do not melt 
until the temperature rises to 92*7°. The exact temperature at 
which the change from the opaque to the transparent crystals 
occurred could not be ascertained, as the change appeared to be 
gradual. 

When the melted substance solidifies under a cover slip on a 
microscopic slide, a well-defined, cubic modification is produced; 
this changes, however, as the temperature falls, in just the same way 
as in the case of the corresponding active sr-bromocamphor, and a 
strongly anisotropic modification is produced. After this conversion, 
the film is seen to consist of a large number of small patches of a 
biaxial substance of large axial angle, the interference figure closely 
resembling that of the crystals obtained from petroleum solution. 

The latter are massive, transparent prisms, which, when jt&st 
taken from the solution, are highly lustrous, although their ends 
always terminate in very dull curved surfaces ; more than one zone, 
namely that containing the four prism faces was never present, so 
that the crystalline system is unknown. The prism angle was found 
to he 69° 30', as the mean of about 20 measurements. There is a 
fairly good cleavage parallel to one of the prism faces, and through 
a thin cleavage plate a biaxial interference figure can be seen ; the 
two optic axes cannot be got into the field commanded by a -^th-inch 
oil immersion objective, so that this prism face is probably normal 
to the obtuse bisectrix; the extinction throngh the prism faces is 
straight. 

Active sr-monobromocamphor belongs to the tetragonal system, and 
is consequently uniaxial, whilst its inactive isomeride crystallises in a 
biaxial system, probably the orthorhombic; there can, therefore, be 
no doubt that tbe latter is a true racemic modification, and the same 
would seem, by analogy of behaviour, to hold for the inactive 
sr-monochlorocamphor. A series of melting-point determinations of 
mixtures of racemic and dextrorotatory v-monobr om o campho r showed 
that the presence of one substance does not depress the melting point 
of the other, and indeed does not seem to effect it at all, inasmuch as 
all the mixtures melted at 92*5— 93*5°; after the fused mixtures had 
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solidified they melted, on re-heating, at the same temperature as 
before. This behaviour is much the same as would be expected of 
two isomorphous substances having almost the same melting point, 
as the curve plotted between the melting points and compositions of 
mixtures of isomorphous compounds is a straight line joining the 
melting points of the two constituents. 

Melting-point determinations of mixtures of dextrorotatory and 
inactive w-monochlorocamphor showed that in this case also all the 
mixtures have the same point of fusion, namely 138 — 139°. 

The parallel between the two pairs of substances is, therefore, very 
complete, and confirms us in our belief that the inactive sr-mono- 
chlorocamphor is a true racemic compound. 


air-DicMorocamphw-, C10H14CI2O. 

The decomposition of chlorocamphorsulphonic chloride, unlike that 
of the other sulphonic chlorides which have been examined, is a very 
simple process, unaccompanied by any secondary actions ; in prepar- 
ing this dichlorocamphor, therefore, it is only necessary to heat the 
snlphonic chloride for about 15 minutes at 160 — 180°, and then 
recrystallise the residue from ethylie acetate or alcohol, with addition 
of a little animal charcoal ; the yield is almost theoretical. 

Analysis of the pure compound gave the following results. 

0*1480 gave 0*2945 CO* and 0*0888 H*0. C = 54-27 ; H = 6*66. 

0*1907 „ 0*2476 AgCl (by the lime method). Cl = 32*12. 

0*2220 „ 0*2863 AgCl „ „ 01=31*90. 

C 10 H u Cl a O requires C = 54*34 ; H = 6*34 ; Cl = 32*03 per cent. 

aw-Dichlorocamphor crystallises from hot dilute alcohol and acetic 
acid in very long, slender needles, melting at 118 — 118“5° ; it is 
very readily soluble in cold benzene and cold chloroform, but only 
sparingly in light petroleum, its solubility in all ordinary solvents 
being much less than that of the w-monohalogen derivatives described 
above. It has no smell, but when heated it gives off vapours which 
are very irritating, and the odour of which is quite unlike that of 
camphor; it sublimes readily, is volatile in steam, and may be 
distilled under atmospheric pressure if only small quantities betaken, 
although it decomposes on continued heating. 

For the determination of the specific rotation, a chloroform solu- 
tion containing 1*0376 grams was diluted to 25 c.c., and examined in 
a 2 decimeter tube at 12°; the rotation = +7° 12' whence [a] D = 
+86 74°. 

asr-Dichlorocamphor is readily reduced when its alcoholic solution 
is treated with sodium amalgam, and if, after action has proceeded 
tor some time, the solution be diluted and then cooled, colourless, 
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slender needles will be deposited ; this product, after recrystallisatiou 
from alcohol, melts at 139— 139*3°, and is identical with the optically 
active sr-monochlorocamphor obtained by the decomposition of 
dextrorotatory camphorsulphonic chloride. 

On further treatment with sodinm amalgam under the above- 
mentioned conditions, the optically active monochl oro-compound 
seems to undergo no change, or, at any rate, redaction takes place 
very slowly. Of the two halogen atoms in asr-dichlorocamphor, 
therefore, the one which is originally introduced by chlorination is 
readily eliminated, whereas the 2 r-cblorine atom, which comes from 
the S0 2 Cl-group, and which is united with a different carbon atom, 
is more firmly held. 

The crystals of ZTr-dicblorocamphor deposited hy spontaneous 
evaporation of its cold ethylic acetate solution are somewhat 
elongated, flattened prisms, which attain a length of several centi- 
metres (Fig. 3). They belong to the orthorhombic system, and 
show no indication of hemihedrism, although the substance is 

6ptically active in solution; this, 
however, is not surprising since 
no pyramid forms — the only ones 
affected by an enantiomorphou^ 
hemihedrism — are present. The 
forms in the prism zone are always 
much striated in the direction of 
the c-axis, the direction in which 
the crystals are elongated; the 
pinacoid i {010) is usually the 
dominant form, but the habit varies considerably with the conditions 
of growth. The prism forms w{130} and m{110} are the next largest 
developed, and give only medium reflections ; the dome forms 
Z{011} and r{101} are usually small, and give good results on 
measurement, whilst the pinacoid c is rather larger and not so good 
in character. The crystals have a dull, vitreous lustre, and, if 
grown quickly, are filled with internal strife; those which develop 
slowly, however, are quite transparent and much more lustrous. 
The c-axis is parallel to the first mean line. The optic axial angle 
for sodinm light was measured in glycerol through a section ground 
parallel to c[001}. 

No. of Mean angle in Calculated angle 

observations. Limits. glycerol. m air. 

6 41° 29'— 41° 32' 41° 30' 02 ° 18' 

The dispersion is very small, and the double refraction is positive 
in sign and weak. 
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Crystalline System : Orthorhombic. 
a:b:c = 0-6933:1:0*3297. 

Forms present — 


a 


{100} 

ooPoo, 


b 


{010} 

GoPcO, 


c 


{001} 

OP, 


m 


{110} 

ooP, 

ooP3, 


n 


{130} 


l 


{011} 

Poo, 


r 


{101} 

Poo. 


The following angular measurements were obtained. 

Ho. of 


Angles. 

observations. Limits. 

Mean. 

Calc. 

jib = 130:010 

14 

25° 87'— 25° 49' 

25° 43' 

25° 41' 

mi — 130 : 130 

16 

51 10 — 51 34 

51 26 

51 21 

mn - 110 : 130 

17 

29 22 — 29 47 

29 33 

29 35 

<im = 100: 110 

7 

34 35— 34 49 

34 41 

34 44 

mm = 110 : 110 

9 

69 18— 69 33 

69 25 

69 28 

bm — 010 : 110 

21 

55 3— 55 39 

55 16 

— 

hi = 010 : Oil 

15 

71 32— 71 56 

71 47 

71 45 

a - on . oil 

5 

143 24—143 41 

143 32 

143 30 

« = Oil : on 

6 

36 20— 36 52 

36 29 

36 30 

cl * 001 : Oil 

4 

18 1— 18 25 

18 11 

18 15 

ar - 100:101 

12 

64 17 — 64 40 

64 28 

64 34 

cr - 001:101 

24 

25 11— 25 47 

25 26 

— 

rr = 101 : 101 

8 

50 31— 51 2 

50 47 

50 52 


aT-DibronwcanvpJior, 0 10 HiJBraO. 

Bromocamphorsulphonic bromide, like the other sulphonic 
bromides, decomposes very rapidly when heated at about 165°, and 
its conversion into azr-dibromo camphor is readily accomplished in the 
usual manner ; although only traces of hydrogen bromide are evolved, 
a small quantify of carbonaceous matter is produced during the 
operation, and the product is usually of a brown colour; as it does 
not volatilise in steam very rapidly, the aw-derivative is most con- 
veniently purified by a preliminary recrystallisation from hot acetic 
acid, a little nitric acid being added to destroy the coloured impuri- 
ties; it is then obtained almost colourless, and may he further 
purified by crystallisation from dilute alcohol or acetone. The yield 
is practically theoretical. 

Analysis gave the following results. 

0T804 gave 0*2538 CO* and 0‘0801 H 2 0. 0 = 38*4; H = 4*9. 
0-2310 „ 0-2802 AgBr; Br = 51-57. 

CioHn3r 8 0 requires 0 = 38*7 ; H = 4*5 ; Br = 51*61 per cent. 
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aw-Dibromocamplior crystallises from hot dilute alcohol, acetone, 
or acetic acid in long, silky needles, but from cold etkylic acetate or 
chloroform in short, compact, transparent prisms ; it is less readily 
soluble than the above- described dichloro- compound in the ordinary 
organic solvents. It melts at 152 — 153°, sublimes readily, and 
slowly volatilises in steam ; when quickly heated under atmospheric 
pressure, a large proportion distils unchanged, but the distillate is of 
a dark colour. 

The specific rotatory power of a chloroform solution containing 
0*9800 gram in 25 c.c. was determined in a 2 decimetre tube at 13° ; 
the mean of eight concordant readings gave = +7° 45' whence 
[ a ] D = +98*85°. 

The cold ethylic acetate solution, on spontaneous evaporation, 
deposits highly lustrous, stout prisms, which can readily be grown of 
a centimetre or so in length. If the crystals are deposited slowly 
from the cold solution, they are usually very transparent and show no 
trace of internal striae ; if they separate rapidly they are found to be 
considerably elongated in the direction of the c-axis, and are quite 
opaque, owing to the development of a fibrous internal structure. 

The crystals belong to the orthorhombic 
system, although, owing to the absence 
of pyiamid faces, it is impossible to say 
whether they are hemihedral or not. 
The prism forms m{110} and 130 } are 

usually the largest present, whilst the 
pinacoids a{100} and 5{010}, which are 
so conspicuous on crystals of the coi- 
responding dichloro- derivative, are usu- 
ally small and frequently absent; the 
dome forms r{101} and Z{011} are generally large and well-devol- 
oped. All the forms give very fair reflections on the goniometer, 
although the crystals are rarely so suitable for measurement as those 
of ajr-dichlorocampb or. 

Crystalline System : Orthorhombic, 
a : 2> : c = 0*6860 : 1 : 0*3323. 

Forms present: — 


a . . . 

.. {100] ... 

• . • oof CO 

b ... 

.. {010} ... 

oof oo 

C » . • 

.. {001} ... 

... OP 

m . . . 

.. {110} ... 

• .. ooP 

n ... 

.. {130} ... 

. . . oofS 

1 ... 

.. {011} .... 

> , . Pco 

T ... 

... {101} .... 

... fee 


Fig. 4. 
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The following angnlar measurements were obtained :■ 


Ho. of 


Angles. 

obsen ations 

Limit*. 

Mean. 

Calculated. 

nb = 130 : 010 

12 

25° 51'— 26° 1' 

25° 57' 

25° 55' 

nn = 130: ISO 

5 

51 39—51 58 

51 47 

51 50 

mn = 110 s 130 

15 

29 26—29 45 

29 36 

29 38 

an = 100 s 130 

3 

64 0—64 12 

64 7 

64 5 

mm = 110 • 110 

13 

68 40—69 7 

68 53 

68 52 

am =■ 100 . 110 

5 

34 18—34 31 

34 24 

34 26 

bm = 010 : 110 

23 

55 27 — 55 39 

55 33 

— 

hi = 010 : Oil 

18 

71 34—71 41 

71 37 

— 

U = Oil : Oil 

9 

36 40 —36 53 

36 46 

36 46 

el = 001 : Oil 

3 

18 16—18 32 

18 19 

18 23 

or =100:101 

5 

64 1—64 18 

64 12 

64 9 

or = OOL . 101 

8 

25 40 —26 3 

25 53 

25 51 

rr « 101 : 101 

2 

51 34—51 56 

51 45 

51 42 


ocTT-Chloi oh omocamrphor , C l0 H u ClBrO. 



The preparation of this substance needs little description ; on heat- 
ing pure a-ohlorocamphorsnlphonic bromide in quantities of about 
5 grams at a time at about 150° rapid effervescence sets in, and 
asr-chlorobromocamphor sublimes in large quantities, being deposited 
on the cooler parts of the beaker in beautiful fern-like crystals ; after 
about five minutes heating the operation is at an end. 

The product is easily purified by recrystallisation from hot alcohol 
and ethylic acetate successively, and the yield is practically a 
theoretical one, 5 grams of the sulphonic bromide giving 3*8 grains 
of aw-chlorobromocamphor. Two specimens obtained in different 
preparations gave satisfactory results on analysis. 

0*3662 gave 0*2756 C0 2 and 0*0823 HA O = 45*22 ; H = 5 5. 
0*1675 „ 0*2764 „ 0 0792 „ 0 = 45 00 ; H = 5*25. 

j Theory : CioH w ClBrO requires C = 45*2 ; H =s 5*27 per cent. 

asr-Chlorobromocamphor crystallises from hot alcohol or acetic acid 
in long, flattened needles, and 
from cold ethylic acetate in 
beautiful, transparent prisms 
(Fig. 5) ; it resembles the di- 
chloro- and dibromo- deriva- 
tives in its behaviour with 
most of the ordinary solvents, 
and is a very well character- 
ised substance in all respects. 

It melts at 138—138*5°, al- 
most the mean of the melting 
joints of the dibromo- and 


Fig. 5. 
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dicWoro-componnds, and its melting point does not change on recrys- 
tallisation from acetic acid or other solvents. 

A chloroform solution containing 1*6790 grams in 25 c.c. gave a 
rotation cc D = +11° 27' in a decimetre tube at 14° as the average of 
10 observations ; the specific rotation is therefore [a] D = +85*24°. 

The crystals deposited by spontaneous evaporation of the ethylic 
acetate solution closely resemble those of asr-dibromocamphor both in 
habit and appearance, and differ from them only by possessing some- 
what less lustre. 


Crystalline System: Orthorhombic, 
a : 6 : c = 0*6884 : 1 : 0*3301. 

Forms present : — 

a {100} ...... ooPoo 

b {010} ...... ooPoo 

c {001} OP 

m {110} coP 

{130} ooP3 

l {011} Poo 

r {101} Poo 

The following angular measurements were obtained. 


nb 

Angle. 

= ISO : 010 

No. of 

observations. 

16 

limits. 
26° 39'— 25° 

57' 

Mean. 
25° 47' 

Calculated. 
25° 50' 

nn 

= 130:130 

5 

51 

31—51 

49 

51 38 

51 40 

mn 

= 110 : 130 

18 

29 

20—29 

58 

29 35 

29 37 

an 

= 100 : 130 

7 

64 

0—64 

28 

64 12 

64 10 

am 

- 100 : 110 

12 

34 

23 —34 

39 

34 30 

34 33 

bm 

- 010 : 110 

15 

55 

16—55 

30 

55 25 

55 27 

U 

= 010 : Oil 

26 

71 

31—71 

56 

71 44 

— 

ll 

Oil: Oil 

11 

36 

24—36 

37 

36 30 

36 32 

el 

= 001 : Oil 

17 

18 

1—18 

39 

18 16 

18 16 

ar 

- 100 ! 101 

28 

64 

11—64 

35 

64 23 

— 

er 

- 001 : 101 

12 

25 

19—26 

1 

25 42 

25 37 

rr 

= 101 : 101 

9 

51 

2—51 

29 

51 14 

51 14 


ar-Bromochlorocamphor , Ci 0 H u BrClO. 

The great difference between the sulphonic chlorides and the sul- 
phonic bromides as regards their decomposition has already been 
alluded to, but the best example of this difference is afforded by a 
comparison of the behaviour of a-bromocamphorsulphonic chloride 
with that of a-chlorocamphorsulphonic bromide ; whereas the latter 
undergoes decomposition very readily at about 150°, and gives an 
almost theoretical yield of asr-chlorobromocamphor, its isomeride does 
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not begin to decompose until the temperature has risen to about 170°, 
and the action which then occurs is apparently very complex, con- 
siderable quantities of hydrogen chloride or bromide being evolved 
together with sulphur dioxide and hydrogen sulphide, and a large 
proportion of carbonaceous matter being formed. 

When the tarry mass obtained by heating tbe sulphonic chloride at 
about 180 — 190° for some time is subjected to distillation in steam, 
comparatively small quantities of a yellow oil, and, later on, a crystal- 
line solid, pass over ; after a time the oil solidifies, and the whole 
may then be separated by filtration. On repeatedly recrystallising 
this product from hot dilute alcohol and light petroleum, it was 
finally obtained in long, colourless needles, which melted, apparently 
quite sharply, at 142 — 143°, and which were so similar in appearance 
to the crystals of aTr-chlorobromocamphor that it was impossible to 
distinguish between them by ordinary methods. The analysis, how- 
ever, did not give the calculated results, the percentage of carbon 
varying from 41*9 to 42*2, and that of hydrogen from 4*9 to 5*0, 
whereas a bromochlorocamphor contains 45'2 and 5*27 per cent, 
respectively ; for this reason, we refrained from asserting in our first 
note (Proc., No. 124, 130) that this product was a bromochlorocam- 
phor. Farther investigation having shown that the substance was 
in reality a mixture, and all attempts to separate its constituents 
having failed, the decomposition of o-hromocamphorsulphonic chloride 
under various conditions was carefully studied. By varying the 
temperature at which the decomposition was carried out and the 
duration of the heating, products of very variable character were 
obtained; some of these, in fact, on repeated fractional crystallisa- 
tion from alcohol, ethylic acetate, and other solvents, yielded fractions 
melting at temperatures ranging from about 120 — 150° (the most 
soluble portions melting almost sharply at 120°, the least soluble at 
147 — 149°), but in no case could a definite product be isolated. The 
decomposition of the sulphonic chloride was then earned out under 
other conditions ; in some experiments, iron filings were addod, as 
their presence seemed to accelerate the decomposition, or the heating 
was carried out under greatly reduced pressure ; in others, the sul- 
phonic chloride was heated in boiling nitrobenzene solution. The 
products from these, as from previous experiments, crystallised readily 
in long needles, but wore not homogeneous, and failed to yield a 
definite compound when subjected to repeated fractional crystallisa- 
tion or fractional distillation in steam. 

As it had been observed that the evolution of hydrogen chloride 
or bromide daring tbe decomposition of the sulphonic chloride, and 
the darkening of the oil, were least noticeable daring the first stages 
of the decomposition, a largo quantity of the sulphonic chloride was 
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carefully heated, in portions of about 2 grams at a time, the opera- 
tion being continued only until the substance began to darken ; the 
product, which contained a large quantity of unaltered sulphonio 
chloride, was now subjected to steam distillation, and the crystalline 
substance which collected in the distillate gently warmed with dilute 
alcoholic potash, to decompose any sulphonio chloride which had 
passed over. Two experiments, made in this way, gave a substance 
which crystallised from ethylic acetate in beautiful, transparent 
prisms, and which, in both cases, melted sharply at 132—133° ; as all 
the mother liquors also gave crystals melting at 132 — 133°, it appeared 
probable that these products consisted of pure ajr-bromochlorocam- 
phor. Analyses gave the following results. 

C = 44-4 ■ H sa 5*86 } Tiieoi T : 0 = 45*3 ; H = 5*3 per cent. 

As the analyses did not agree very satisfactorily with the calculated 
results, a further investigation of the substance was made, the results 
of which showed it to be a mixture ; although on recrystallisation 
from alcohol four times, its melting point did not change, four 
crystallisations from acetic acid yielded a small fraction melting, not 
quite sharply, at 136 — 137°. This product, therefore, although 
certainly much less impure than that obtained in other ways, still 
contained a certain quantity of some compound from which experi- 
ence had shown it could not be easily separated. For this reason, 
farther attempts to prepare a pure asr-bromocHorocamphor, isomeric 
with the compound already described, were not ma de. 

The rotatory power of the impure compound in question was, how- 
ever, determined, in order to make a rough comparison with that of 
the isomeride : 1*4658 grams dissolved in chloroform, and made up 
to 25^c.c., gave a rotation of a D = +12° 36^' in a 2 decimetre tube 
at 13°, whence the specific rotation [«]„ == +107*52°. 

The specific rotation is therefore +107°, whereas that of the 
isomeride is +85°; this great difference can hardly be due to the 
impurity present in the one bromochlorocamphor, and aff ords evidence 
of the non-identity of the two compounds. The nature of the sub- 
stance which is present in the asr-bromochloro-compound is unknown, 
but, as far^as can be ascertained, it is the asr-dibromocamphor melting 
at 152—153°; this is probable, from the fact that the melting point 
of some of the fractions rises to 147—149°, from the results of 
numerous combustions and halogen determinations, and from. the 
great difficulty experienced in separating the impurity by fractional 
crystallisation ; the two substances are isomorphous, and hence they 
crystallise together, giving crystals which appear to he those of a 
definite substance. The crystals obtained from various preparatio ns . 
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though having different melting points, give excellent results on 
goniometrical examination, no multiple images being obtained, as 
would be expected from ordinary impure substances. 

Some of the crystals of the product melting at 132 — 133°, obtained 
from ethylic acetate solution, were examined, and found to belong to 
the orthorhombic system, and to exhibit the same forms as the pre- 
ceding asr-di-derivafives. The faces of the various forms are developed 
to about the same comparative sizes as those of the crystals of aar-di- 
bromocamphor, which they greatly resemble in appearance. 

Crystalline System : Orthorhombic, 
a : l : c = 0*6861 : 1 : 0*3317. 


Forms present : — 




a 

. {100} 

coPco 




1) . . . . 

. {010} 

coPco 




c 

. {001} 

OP 




m 

• {110} 

OOP 




n 

. {130} 

, coP3 




1 

. {011} 

Poo 




r 

• {101} 

. f»co 


The following angular measurements were obtained. 




Ho. of 





Angles. 

observations. 

Limits, 

Mean. 

Calculated. 

nb 

130 : 010 

12 

25° 41'—: 26° 8' 

25° 54' 

25° 55' 

nn 

= ISO : 130 

7 

51 43—51 67 

51 50 

51 49 

mn 

= 110 : 130 

14 

29 20—29 48 

29 30 

29 28 

an 

- 100 : 130 

4 

64 1 — 64 18 

64 7 

64 5 

mm 

= 110 s 110 

3 

55 24—55 41 

55 34 

55 32 

am 

- 100 : 110 

18 

34 19 — 34 43 

34 27 

34 27 

bm 

= 010 : 110 

5 

65 12—55 89 

55 26 

55 23 

bl 

- 010 : Oil 

29 

71 24—71 56 

71 89 

— 

ll 

= Oil : Oil 

16 

36 24—37 1 

36 40 

36 42 

cl 

* 001 : Oil 

9 

18 0 — 18 41 

18 19 

18 21 

ar 

- 100 : 101 

24 

63 58 —64 29 

64 12 

— 

is 

= 001 s 101 

12 

25 31—26 7 

25 46 

25 43 


The proportion of imparity present in this sample of «7r-chloro- 
bromocamphor, judging from the analytical results, is small, and, 
as stated above, it is, in all probability, the isomorphous ajp-dibromo- 
camphor ; from the close approximation of the axial ratios of 
asr-chlorobromoeamphor and of the corresponding dibromo-derivative, 
it is evident that such an impurity could affect the axial ratios of the 
substance but slightly, since the axial ratios of an isomorphous 
mixture lie between those of its constituents, and are proportional to 
the amounts of each present. We therefore consider that the 
goniometric measurements made on this slightly impure sample of 
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aTT-bromoeMorocampli or give very nearly the true axial ratios of the 
substance. 

It is evident that the four new* ajr-dihalogen derivatives form a 
very well-defined isomorphous series, the axial ratios of the various 
members of which approximate very closely to each other, as shown 
in the following table. 


Substance. a : b : 

asr-dichloro- .... 0*6933 : 1 

asT-chlorobromo-. . 0*6884 : 1 

asr-bromochloio-. . 0*6861 : 1 

ajr-dibromo- 0*6860 : 1 


0*3297 2 1029 : 1 : 3*0331 

0*3301 2*0856 : 1 : 3*0296 

0*3317 2 0684 : 1 : 3*0149 

0*3323 2 0642 : 1 : 3*0090 


The variation in dimensions in passing from one member of the 
series to another, is shown in the best possible manner by the 
following table of the principal angles lying in the three planes of 
symmetry. 


Angles. 


Substance. a\ 
asr-dichloro-. . . . 
cctt- chlorobromo- 
ajr-bromochloro- 
asr-dibromo-. . . • 


= 100 110 . 
34° 44' 

34 33 
34 27 
34 26 


hi * 010 : oil. 
71° 45' 

71 44 
71 39 
71 37 


or =100: 101. 

64° 34' 


64 

64 


12 

9 


These two tables show that the axial ratios and principal angles of 
ajr-chlorobromoeamphor approximate very much more closely to those 
of asr-dichlorocamphor than do those of asr-bromochlorocamphor. It 
would seem, further, from a comparison of the dimensions of the two 
chlorobromo-eompounds with those of the dibromo- and dichloro- 
derivatives, that the axial ratios are determined by the halogen 
atom occupying the a-position to a greater extent than by that which 
occupies the ^-position. 

The changes in values of the ratios a/h and c/5 during the passage 
from one member of the series to another are in inverse directions 
but, within the limits of experimental error, of the same magnitude, 

so that the quantity 2 x \ is approximately constant. It is evident 
6 o 

that the asr-dihalogen derivatives differ in this respect from the pre- 
viously measured dihalogen derivatives of camphor, for, as we pointed 
out in an earlier paper (Trans., 1893, 63, 597), in the isomorphons 
series formed by these compounds, the comparative lengths of one 
pair of axes (a/5) are almost constant, whilst those of the other pair 
(c/5) change considerably during the passage from one member ot 
the series to another. 


Chemical Department, 

Central Technical College , 

City and Guilds of Lmdon Institute . 
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XLIY . — Some Oxypyridine Derivatives . 

By Miss A. P. Sedgwick and K Collie, F.R.S.E. 


Amongst the many reactions of dehydracetic acid and its derivatives, 
those which yield pyridine derivatives are not the least interesting ; 
moreover, as the change is easily effected by merely heating with 
strong ammonia, it is one which is not difficult to follow, and conse- 
quently the constitutional formulas of the resulting nitrogen com- 
pounds are known with a considerable amount of certainty. 

For instance, when the lactone of triacetie acid is treated with 
strong ammonia, the oxygen atom which closes the chain is replaced 
by the imido-group !NTH — 


0 

/\ 

CH.-0 CO 
HC CH 2 
\/ 


1STH 

CHrtT'cO 


n 
HC 


CH* 


\/ 

CO 


and a dioxypicoline is formed. 

Similarly when, dimethylpyrone is heated with ammonia — 


0 

OTwAmJH, 

HC CH 


\/ 

CO 


NH 

HC CH 


Yo 


the corresponding pyridine derivative, namely, lutidone; is produced. 
These two substances have constituted the material from which we 
have prepared a series of chloro- and oxy-pyridine compounds. 

The original object of the research was to produce as many dif- 
ferent oxypyridine derivatives of known composition as possible ; for 
they are substances which possess most characteristic properties and 
reactions. Some give well-marked colorations with ferric chloride, 
such as the pyridine derivatives obtained from meconic acid which 
give blue or carmine red; others, like pyromekazone, resemble 
quinone in their properties, colouring the skin, and possessing a 
characteristic odour, &c., whilst the compound quinhydroketopyri- 
dine, obtained by Sell and Easterfield (Trans., 1893, 63, 1047) from 
citrazinic acid is of a deep blue with metallic lustre. 

The introduction of extra hydroxyl groups into the pyridine ring, 
however, proved to be more difficult than we imagined, so we have at 
present contented ourselves with the preparation of various chloro-. 
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and oxy-acids which could be obtained from lutidone and dioxy- 
picoline. 

The chlorinated derivatives were easily prepared by the action of 
phosphorus halides on the oxy-componnds, and they are substances 
which, like the pyridine bases themselves, can be converted into 
pyridine acids when the alkyl groups, which are united to the pyridine 
ring, are oxidised by boiling with potassium permanganate solution. 

For instance, lutidone was first converted into monoohlorolutidine, 
which in its turn was oxidised to a mono- and a di-carboxylic acid. 


jr 

OHs-C C-CHj 
HC CH 


'Cl 



N 

/^. 

COOH-O C-OOOH 
HC CH 

Yll 


The dicarboxjlic acid, on careful fusion with potash, yielded 
chelidamic acid — 

HH 

/\ 

COOH-C C-COOH 
HC CH 

> CO 


an acid which was first obtained by the action of ammonia on 
chelidonic acid. The mono-acid, when heated, gave 7 -eh loropicoline. 
Proceeding in the same manner with dioxypicoline, chloro- and oxy- 
picolinic acids were also obtained. 


hr 

hr 

NH 

CHs-j^CJCl 

COOH-cf^CCl 

COOH-cY 
hcS b. 

HC CH 

HC C5H 

CC1 

Yl 

Yo 


Preparation of "j-CJilor-cia! -dimetJiylpyridine. 

When solid dehydracetic acid is treated with strong ammonia solu- 
tion, combination occurs, and an amido- compound is formed (Trans. 
1893, 63, 128), 

CHs-C (HH 2 ):CH-(j):CH*C0-CH 2 *C0 

which crystallises in long, silky needles. If, however, this substance 
is heated with more ammonia in a sealed tube at about 130° for 
several hours, it is gradually changed, and when the tube, on cool- 
ing, is no longer filled with silky needles, but with short, transparent 
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crystals, the action is complete, and the dehydracetic acid is quanti- 
tatively converted into a mixture of Intidone and ammonium luti- 
donemonocarboxylate (Haitinger, Ber., 1885, 18, 452). 

2m NH 

CH 3 -q /N C-CH J -OOOH CH ) -C /N C-CH 3 


hB Bh 
Yo 


hB Bh 

Y) 


These two substances can be easily separated by acidifying with 
sufficient hydrochloric acid to precipitate the free acid which is not 
very soluble in water, whilst the lutidone can be recovered from the 
filtrate. By this process, about 100 grams of lutidone and 25 grams 
of the free acid were obtained. Lutidonecarboxylic acid, when 
heated, can be quantitatively converted into lutidone, but as this acid 
was required for the preparation of some other pyridine derivatives 
•described later on in this paper, it was kept for that purpose. 

When lutidone is treated with phosphorus pentachloride, it is at 
once converted into 7-chlor-aa'-diraethylpyridine ; but it is best to 
moderate the action by the addition of phosphorus oxychloride. 
Accordingly, 25 grams of lutidone were mixed with 20 grams of 
phosphorus oxychloride, and 40 grams of phosphorus pentachloride 
were slowly added to the mixture, keeping the temperature at about 
140°. 

The contents of the flask were then poured into water, and the 
volatile chloride distilled with steam. The yield is quantitative, and 
from 62 grams of lutidone, 70 grams of chloride were obtained ; the 
-theoretical amount is 71 grams. The boiling point of the pure 
•chloride is 178° (corr.). 

The oxidation of the 7-chlor-aahdimethyl pyridine is best effected 
by boiling it with a dilute solution of potassium permanganate. Not 
more than 10 grams of the chloride were used in each experiment, 
and the theoretical quantity of permanganate necessary to oxidis e 
the two methyl gronpB (23 grams) was always employed ; the per- 
manganate being added little by little to the boiling mixture of the 
■chloride and 300—400 c.c. of water. After the whole of the per- 
manganate had been converted into peroxide of manganese, usnally 
about 3 grams of undecomposed chloride remained, which was 
recovered by distillation. The residue was filtered, and the filtrate, 
after evaporation, yielded a solid residue consisting of the potassium 
salts of a mono- and a di-carboxylic acid. In this way, 80 grams of 
the chloride were oxidised in 10 separate oxidations. The average 
yield of potassium salts for each experiment was 15 grams. 

A partial separation was effected by merely adding hydrochloric 
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acid to a solution of the erode potassium salts in water, when most 
of the insoluble acid separated; on standing over night, a large 
quantity* of the second or more soluble acid separated in the crystal- 
line form. The filtrate was then evaporated to dryness with excess 
of hydrochloric acid, and the residue extracted with alcohol ; the alco- 
holic extract, after evaporation, yielded a further quantity of the 
soluble acid. 

The mother liquors from the two acids still contained a small quan- 
tity of some substance which did not crystallise easily, but dried up 
to a semi-crystalline gum when left over sulphuric acid. On being 
distilled, it evolved carbon dioxide, and gave an oil smelling of chloro- 
pyridine; this was dissolved in hydrochloric acid and converted into 
the platinochloride. 

The salt contained no water of crystallisation, and, on analysis. 


0*127 gave 0*0405 Pt ; Pt = 31*5 

(C s N’H 4 Cl) 4 ,2nPtCI 6 requires Pt = 30*7 per cent. 

The snbstance may, therefore, have contained <y-chloropyridme- 
monocarboxylic acid, but the quantity formed was too small to 
investigate. 


7 - Chhr-aa'-pyridinedicarloxylic acid , 


h T 

COOH-C C-COOH 
HO CH 


001 


The less soluble acid seemed to be formed in greater quantity than 
the soluble one, and was first investigated. It is nearly insoluble 
both in hot and cold water, and was recrystallised from strong acetic 
acid. It forms granular crystals which decompose at abont 220° with 
considerable charring. 

0*4825 lost 0*042 when heated at 135°, H a O = 8*7. 

0*2410 gave 0*3440 C0 3 and 0*0705 H 2 0. 0 = 38 9 ; H 2 0 = 3*2. 

C 5 N:H 2 C1(C00H) 2 ,H 2 0 requires 0 == 38*3; H = 2*7; H a 0 = 8*2 
per cent. 

By neutralisation with caustic soda, it was found to be a dibasic 
add. In order to prepare the salts, the acid was dissolved in 
ammonia and the ammonium salt solution evaporated till there waa 
no longer any smell of ammonia. The barium salt is predpitated in 
the form of small crystals when the ammonium salt is added to a 
solution of barium chloride. It is soluble in hot water but crystal- 
lises out again on cooling. 

0*304, after drying at 115 c , gave 0*2055 BaS0 4 . Ba = 39*7, 

0*1585, „ „ 0*1070 „ Ba = 39*7. 



SOME OXYPYRIDINE DERIVATIVES. 


403 


0*1875, when heated at 115°, lost 0*0265. H 2 0 = 14*1. 

C 5 NH 2 01 (COO) 2 Ba requires 40*6 Ba. C 5 HH 2 C 1 (C00) 2 Ba,3H 2 0 
requires H 2 0 = 13*8 per cent. 

The sodium salt was prepared by neutralising the acid with caustic 
soda. It is very soluble in water, and only crystallises when evapo- 
rated to a syrup. Dried over sulphuric acid and then heated at 115°, 

0*300 salt gave 0*175 HaaSO*. Ha = 18*9. 

C 3 NH 2 Cl(COONa ).2 requires Ha = 18*7 per cent. 

The following salts were prepared by double decomposition from 
the ammonium salt. 

The silver salt, a white, gelatinous precipitate, unchanged by boiling. 

The lead salt , a white precipitate which dissolves in hot water and 
crystallises out in needles on cooling. 

The ferric salt, first a yellow colour is produced, which changes to a 
yellow precipitate. 

The ferrous salt , even in dilate solutions a brilliant cherry-red colour 
is produced. 

7 - JET ydrod'y-aa,’ -pyridined {carboxylic acid or Chelidamic acid, 

H 

COOH-£ C*COOH 
HC OH 

OOH 

The first attempt to displace the chlorine in the 7 -chlor-a^pyridine- 
dicarboxylic acid by hydroxyl was by heating the acid with sodium 
ethoxide in a sealed tube ; as the tube exploded, however, the add 
was fused instead with 10 times its weight of caustic potash in a 
silver basin, only a gram of the acid being used for each operation. 
The product, when dissolved in water and acidified with hydro- 
chloric acid, gave a granular precipitate ; this was recrystallisod from 
dilute alcohol, in which it was not very soluble. The crystals, when 
heated rapidly, do not melt properly, but at 255 — 260° decompose 
with copious evolution of carbon dioxide. 

0*180 gave 0*305 C0 3 and 0*045 H s O. C = 46*2 ; H = 2*7. 
CfiHH^OH) (COOH ) 2 requires C = 45*9; H = 2*7 per cent. 

The ammonium salt crystallises only from concentrated solution. 

Fen'om and ferric salts are both soluble, and form reddish-yellow 
solutions. 

The silver salt is an insoluble gelatinous precipitate. 

0*2605, dried at 135°, gave 0*1415 Ag. Ag = 54*3. 

GfNHiOsAg requires Ag = 54*4 per cent. 

2 F 
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When the silver salt is heated, it behaves in a very characteristic 
manner ; at a certain temperature it suddenly decomposes, and as the 
decomposition runs through the mass it swells up, forming a black 
residue, which at once begins to glow, and finally, without farther 
heating, the glow gradually passes down to the bottom of the crucible, 
leaving a white mass of metallic silver. 

This hydroxy-acid, also, when treated with bromine, gave a bromi- 
nated acid, which coloured ferric chloride solution of a dirty purple. 

From all these properties, the acid is evidently identical with 
Ohelidamic acid , which was obtained by Lietzenmayer ( Inaug . Diss,, 
Erlangen, 1878) by the action of ammonia on chelidonic acid. 

According to Haitinger and Lieben ( Monatsh ., 1885, 6, 279), when 
chelidamic acid is heated to 250° it loses carbon dioxide and leaves 
7-hydroxypyridine, which, after recrystallisation from water, melts at 
(56°, but when dry melts at 148°. Some of the ^-hydroxy-aa'-pyri- 
dinedicarboxylic acid was therefore heated in a distilling flask ; the 
distillate was crystalline and melted at 140°. After dissolving in 
water, long needle-shaped crystals were obtained from the concen- 
trated solution, and these melted at 66°, but at 145° when dry. The 
substance is, therefore, without doubt, 7-hydroxypyridine, and is of 
interest, as it has been prepared not only from chelidonic acid but also 
by Ost from comanic acid, which he had obtained from meconic acid 
C Ber 1884, 17, It. 170). 

1ST 

-» r ij 7 j 7 , . 7 . 7 7 . . 7 CH 3 -(f\cOOH 

#7- ii ethylcliloro-sL - pyndinecaruoxylic acid , 

\s 

COl 

After the insoluble acid had been separated from the products of 
oxidation of 7-chlorolutidine, a more soluble acid remained, which 
was purified by recrystallisation from water. It crystallises in small, 
needle-shaped crystals, which melt at 93—94°, and are soluble both 
in alcohol and in ether. 

0*2005 (dried in a vacuum over sulphuric acid) gave 0*3425 C0 2 
and 0*075 H 2 0. O = 46*6; H = 4*1. 

0*202, dried at 120°, lost 0*010 H 3 0. H 2 0 = 4*9. 
C 7 NH 9 0 2 C1,|H 3 0 requires C = 46*5 ; H = 3 9 ; H,0 = 4'9 per cent. 

The acid was also titrated with soda solution. 

0‘426 of acid neutralised 22-8 e.o. N/10 x 1-0249 soda solution. 

0,NH»OjC1,JHjO requires 23-0 c.c. soda solution. 

It is therefore a monobasic acid. 
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The following salts were prepared from the sodium salt by double 
decomposition. 

Barium salt — Immediate white precipitate. On warming it dis- 
solves, but crystallises out again on cooling. 

Heated to 105°, the salt turned red, and a smell of chloropicoline 
was noticed. 

0 3219 gave 0*1549 BaSO* ; Ba = 28 3. 

(C 7 HH 50 3 C 1 ) 2 B& requires Ba -= 28*6 per cent. 

Silver Salt. — White precipitate, insoluble in hot water. 

Lead Salt — Immediate white precipitate, which mostly dissolves 
on heating, but, on cooling, crystallises out again in small nodules. 

Copper Salt — In neutral solution there is no precipitate at first, 
but soon a pale blue precipitate separates, which does not dissolve on 
warming. 

Fei t ic Salt — A buff precipitate, which dissolves in excess of ferric 
chloride forming an orange solution. 

Ferrous Salt . — An orange coloration. 

The action of bromine on the acid was also tried. 2 grams of the 
acid were dissolved in glacial acetic acid, and 2 grams of bromine 
added; almost immediately lemon-yellow leaflets began to form; 
these were recrystallised from glacial acetic acid, and dried ovei 
sulphuric acid. When heated they gave off bromine, and, on analysis, 
they were found to contain 49*6 per cent. CIBr. CfHslTOaClBi 
requires 01, Br = 46*1 per cent. Probably, therefore, a small quantity 
of a bromine additive product had been formed as well as the sub- 
stitution compound. 

N 

ay-Methylchlotopyridine , ^^* 

'bci 

When the acid melting at 93° is heated in small quantities in a 
test tube, carbon dioxide is evolved, charring takes place, and red 
vapours, together with an oil and a small quantity of crystalline 
distillate volatilise into the upper portion of the tube. A strong 
smell of chloropicoline was also noticed. About 5 grams were treated 
in this way in a large number of test tubes, which were then washed 
out with dilute hydrochloric acid. The solution thus obtained was 
made alkaline with soda, and steam blown through it ; the distillate 
contained the chloropicoline which, after purification, boiled at 162*5° 
—163*5° (corr,). 

0 113 gave 0 235 C0 a and 0*048 H*0. 0 = 56*7 ; H = 4*7. 

0 5 HHa(CH8)01 requires 0 = 56*5 ; H = 4*7 per cent. 

2 f 2 
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The platinochloride is a yellow, crystalline substance* and can bo 
recrystallised from hydrochloric acid. 

0*231 gave 0*0675 Pt. Pt = 29*4. 

[C 5 NH 3 (CH 8 )Cl] a ,H a PtCl 6 requires Pt = 29*3 per cent. 

A chloropicoline has been noticed by Ost (Be?., 1883, 16 , B». 1374) r 
who ob tain ed it by reducing penta- and hexa-o-chloropicohne with 
tin and hydrochloric acid. He gives its boiling point as 164— 165° j 
possibly this substance is identical with the 7 -chloropicoline we have 
prepared. 

A further experiment was tried to see if the yield of chloropicoline,. 
could be improved by heating the acid melting at 93° in an oil bath, 
and during the decomposition passing a stream of carbon dioxide 
through the apparatus. The yield, however, was not in any way 
better than that obtained by heating the acid rapidly in small quan- 
tities in test tubes. Prom about 15 grams of the acid, only 1*5 grams 
of chloropicoline were obtained. 

Some 7 -cbloropicoline was boiled from 3 to 4 hours with a solutiou 
of potassium permanganate ; it was thus oxidised to the potassium 
salt of 7 -chloro-a-picolinic acid. The potassium salt was purified by 
recrystallisation and analysed. 

0*284 gave 0*105 K 3 SO* as 20*4 K. 

CsHsHCl-COOK requires K = 19*9 per ceut. 

The free acid was recrystallised from water. It melts at 194 — 195° 
(com*.), and begins to blacken at 185 c . 

The following salts were prepared from a neutral and moderately 
concentrated solution of the ammonium salt. 

Silver Salt — A white flocculent precipitate which, when warmed, 
turns to a mass of felted needles. 

Lead Salt — A white precipitate, soluble in hot water, but separates 
out again on cooling in a non-crystalline condition. 

Copper Salt — Blue precipitate, insoluble in hot water, but turns 
slightly pink. 

Zine Salt — A crystalline, granular precipitate. 

Barium Salt — Small, transparent crystals separate out of the 
solution. 

A small quantity of the acid 'vs as fused with caustic potash; and 
from the fused mass an acid was obtained which, after recrystal- 
lisation from water formed bunches of small rectangular or square 
plates. The melting point, after four recrystallisations, remained con- 
stant at 263 — 264° (or 27o— 276° con*.). They did not contain 
chlorine. Possibly this acid is identical with an oxypic olini c acid 
melting at 258°, obtained by Bellman (Be?*., 1884, 17, 106) by reduc- 
ing monochloro- 7 -(P)-oxypicolinic acid with tin and hydrochloric acid- 
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The ammonium salt of 7-chloropicolinic acid gave, with diver 
nitrate , a precipitate which was soluble in hot water, but crystallised 
out again on cooling. 

Ferric Salt — An orange precipitate. 

Copper Salt — A blue precipitate. 

In the preparation of lutidone, mentioned a few pages back (p. 401 ), 
another compound, lutidonemonocarboxylic acid was also produced ; 
its formula is not known with certainty, but if that which one of us 
(Trans., 1891, 59, 183) has suggested for dehydracetic acid be correct, 
then it must be the first of the two following. 

NH NH 

/\ /\ 

CH<fC OCEVCOOH CH,-C C-CH S 

L HC OH COOH-C OH • 

'co '<5o 

This substance, when treated with pentacloloride of phosphorus, 
yields a chlorinated acid; 21 grams of the acid were mixed with 
-excess of phosphorus oxychloride and 25 grams of pentachloride of 
phosphorus added gradually ; the temperature of the mixture being 
finally raised to 160°. There was no violent action; and the residue 
when added to water, neutralised with soda and boiled, yielded a 
small quantity of some volatile chloride which distilled over. The 
solution was then evaporated to dryness with excess of hydrochloric 
acid, and extracted with alcohol; the crystals obtained from the 
alcoholic solution were purified by recrystallisation from water. 
TLeir m. p. was 183° (coit.). 

0*2318 lost 0*038 at 120°. H 2 0 = 16*3. 

0 2112 gave 0-3385 CO, and 0*101 H 2 0. C = 43 7 ; H = 5*3. 
0bNH80jC1,2H 2 0 requires 0 = 43 ‘3 ; H = 5*4; H*0 = 16*2 per cent. 

The silver salt is precipitated when the ammonium salt is added to 
silver nitrate solution. 

0 2005 gave 0*074 Ag (after ignition in hydrogen). Ag = 36*9. 

C 8 lSrH 7 010 3 requires Ag = 3G 9 per cent. 

When this salt is heated, it decomposes violently with a series of 
small explosions, and leaves hardly a trace of silver chloride. Most 
of the salts of this acid are very soluble in water. A curious copper 
salt is formed when a solution of copper acetate is added to the 
ammonium salt of the add ; at first no change occurs, but on standing 
a brilliant purple copper salt is produced, which is quite insoluble in 
water. 
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Preparation of the a.^-dichloropLcolinic acid, 


N 

COOH-C / CCl 

Hd 6 h . 

Yc. 


In a former paper (Collie and Myers, Trans., 1892, 61, 721), it 
was sliown how a dioxypicoline could he obtained by the action of 
strong ammonia on the lactone of triacetic acid, 

CeHcOs + NE 3 = cjb[ 7 no 2 + H a O. 

This compound when treated with oxychloride of phosphorus yields 
a dichloropicoline. 

CH s -C-NH-CO _ CH 3 *p — NICC1 

hc-coch 2 h<hjci:ch’ 

When 30 grams of dioxypicoline are treated with about 70 grams of 
phosphorus oxychloride, and the temperature is not allowed to rise 
above 120°, the action is complete as soon as feathery crystals begin 
to sublime on to the neck of the flask ; the yield of dichloropicoline is 
from 25 — 80 grams. The boiling point of the pure dichloride is 
205 — 206 (corr.). When dichloropicoline is heated with a dilute 
solution of potassium permanganate, oxidation takes place slowly. 
Usually about 10 grams of the chloride were boiled with about 
500 c.c. of water, and 20 grams of permanganate slowly added. 
When all the permanganate had been reduced, a certain quantity of 
undecomposed chloride was recovered by distillation ; the peroxide of 
manganese was then removed by filtration, and from 9 to 10 grams 
of potassium salt of dichloropicolinic acid were obtained by evapor- 
ating the filtrate to dryness. In all, 35 grams of dichloropicoline 
gave 50 grams of the crude potassium salt. This salt when purified 
by recrystallisation was obtained in the form of fine silky needles. 

In order to prepare the free acid, the potassium salt was dissolved 
in water and hydrochloric acid added, when the bulk of tho dichloro- 
picolinic acid crystallised out of the solution, and by evaporation a 
further quantity was obtained. It was purified by dissolving it 
iu alcohol and adding water; it crystallises in long white needles 
which are soluble in alcohol but only sparingly so in water. 

0*319 gave 0 436 C0 2 and 0*0565 H 2 0 ; C = 37*5. H = 1*9. 

0-158 „ 0*2355 AgCl ; Cl = 36*5. 

CeNHsOsCla requires C = 37*5 ; H = 1*6. Cl = 36*9 per cent. 

It melts at 101 — 102°. When heated rapidly in a test tube, both 
carbon dioxide and hydrogen chloride are evolved. The salts of 
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dichloropicolinic acid were prepared from the ammonium salt by 
double decomposition. 

Silver Salt . — Gelatinous precipitate insoluble in water and not 
changed by boiling. 

Lead Salt — White crystalline precipitate consisting of needles; 
partly soluble in hot water. 

Mercuric Salt — Soluble. 

Feme Salt — Buff coloured precipitate. 

Ferrous Salt. — Bright orange precipitate, which changes to orange- 
red crystals on standing. 

Zinc Salt — Separates in lozenge-shaped crystals from concentrated 
solutions on standing. 

Calcium Salt — Crystalline precipitate. 

Magnesium Salt. — Soluble. 

The Barium Salt was prepared from the ammonium salt in the 
form of small crystals. These were recrystallised. 

0*280 (air dried) gave 0*116 BaS0 4 . Ba = 24*4. 

0*108 lost at 110. 0*0085 H 2 0 = 7*8. 

(CeNH^Clo^Ba^HaO requires Ba = 24*6 ; H a O = 6*8 per cent. 

When dichloropicolinic acid is heated to 150 — 160°, it gives off a 
little water and the fused mass then becomes solid. This substance 
is insoluble in most reagents, but if dissolved in alcohol and water 
dichloropicolinic acid melting at 101° is again reproduced, and as 
dichloropicolinic acid does not contain water of crystallisation, the 
solid is probably an anhydride. If the acid, however, bo heated 
above 170°, the solid again melts, carbon dioxide begins to come off 
and at 190° the mass turns green and then rapidly chars. 

2*043 acid gave 0*461 C0 2 . 00 2 = 22*5. 

CftNHsC^Cla = C5NH3CI3 + C0 2 requires CO s = 22*8 per cent. 

Attempts were made to obtain dichloropyridine from tho charred 
residue, but without result. 


ay-Diod’yp icolinic acid , 


’N 

COOH-C COH 

hI B oh * 

O-OH 


Diethoxypicolinic acid was first prepared by boiling the dichloro- 
picolinic acid with sodium ethoxide for two days. The precipitated 
sodium chloride was then filtered off, and the alcoholic solution 
evaporated. On adding hydrochloric acid in very slight excess, an 
oil was precipitated which soon crystallised on standing. When 
purified by recrystallisation from alcohol and water, it melted at 
93—95°. 
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The sodium salt was analysed. 

0*140 gave 0*036 ITaaSO*. TS a = 8*3. 

0-2505 lost at 120° 0*032 H 2 0. H 2 0 = 12*7. 

CioNHuOjN a, 2H a O requires ISTa = 8*5. H 2 0 = 13*3 per cent. 

As there was only a very small quantity of diethoxypicolinic acid, 
it was all used in the preparation of dioxypicolinic acid. This 
change may be effected either by heating the ethoxy-acid in a sealed 
tube with hydriodic acid, or by boiling it with fuming hydriodic 
acid; by either process, a crystalline precipitate of dioxypicolinic 
add is formed together with ethylic iodide. Tbe acid is not very 
soluble in water, and was recrystallised from strong hydriodic acid. 
When pure, it melts at 260 — 263° (270 — 273° eorr.) but begins to 
darken in colour at 240°; after melting, it chars and completely 
decomposes. 

The ammonium salt gives, with ferric chloride, a yellow coloration, 
but none with ferrous sulphate. The silver salt was prepared from 
the ammonium salt by double decomposition ; it is insoluble iu water, 
and turns brown on beating or drying. 

0*2125 (dried in a vacuum over sulphuric acid) gave 0*093 Ag. 

Ag = 43*7. 

C5NH 2 (0H) 2 *C00Ag requires Ag = 42*8 per cent. 

An analysis of the acid was also made. 

0-2205 (dried at 100°) gave 0*370 CO s and 0 0760 H>0. 0 = 46 6 ; 

H as 8*8. 

CeNTHfiO* requires 0 = 46*4 ; H = 3*2 per cent. 

This acid is isomeric with another dioxypicolinic acid, comenamenic 
acid (obtained from meconic acid, Ost, Ber., 1883, 16, 1373, and 
1884, 17, E. 169), but, as the latter gives a splendid, purple-red 
coloration with ferric chloride, the dioxypicolinic acid we have 
obtained cannot be identical with it. 

Several attempts were made to produce a 7 -dioxypyridine by fusing 
dioxypicolinic acid with potash, but they were not very successful. 
In one experiment a certain quantity of dioxypicolinic acid was 
recovered unchanged; in another, after fusion, the mass was dissolved 
in water, acidified with hydrochloric acid, and then extracted with 
ether. The ethereal extract, on evaporation, left a sma ll , non- 
crystalline residue, which, with feme chloride, gave a splendid, 
green colour, turning to blue. The aqueous solution, which had been 
extracted with ether, was evapoi*ated to dryness and treated with 
absolute alcohol. The residue obtained from the alcoholic extract 
gave, with ferric chloride, a purple-violet coloration, very similar to 
that produced by pyrocomenamenic acid, CJSTH^OB)* but we were 
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quite unable to separate any substance from the fused mass, even in 
sufficient quantity to make a melting-point determination. 


K 

/% 


ay-Dietho.vyp i coline, 


O.OEt 

HC OH * 
\S 
C-OEt 


This substance can be easily prepared from dicliloropicoline : 
8 grams of dicliloropicoline were treated in alcoholic solution with 
excess of sodium ethoxide (5 grams Ha) and the mixture warmed, 
when a copious precipitate of sodium chloride formed at once, the 
action proceeding rapidly. After boiling for two hours, the salt was 
filtered off, and the alcoholic filtrate mixed with a little water, evapo- 
rated, and the residue extracted with ether. This ethereal solution 
yielded an oil of a pleasant, sweet smell, and boiling at 230 — 235° 
(238 — 243° coir.) . The platinochloride was prepared and analysed. 


0*1245 gave 0*0312 Pt. Pt = 25*1. 

[C 5 NH 2 Me(OEt) 2 ] 3 ,H 3 PtCl 6 requires Pt = 25*2 per cent. 

This platinum salt, after purification, was decomposed by hydro- 
gen sulphide, and from the filtrate pure diethoxypieoline was pre- 
pared ; it boiled at 230 — 232° (238 — 240° corr.). It forms crystalline 
salts with acids. When heated in a sealed tube with hydriodio acid, 
crystals were obtained, which, after recry stallisation from alcohol 
and from water, proved to be regenerated dioxypicoline, melting at 
810 — 315°. This experiment shows that, although diethoxy- 
picoline is a true pyridine derivative, giving salts, &c., yet, on dis- 
placing the ethyl groups by hydrogen, the snbstance changes back 
again into the imido-ketonic form, which is almost devoid of basic 
properties. 


N 

NH 


CH/cT' 0 

H8 C3H - 

h8 b 

\^ 

\/ 

OOEt 

CO 


An experiment was therefore tried to see whether the presence of 
a CO-group could be demonstrated by the action of phcnylbydrazine : 
2 grams of dioxypicoline and 6 grams of phenylhydrazine were heated 
in a sealed tube, and the crystalline product purified by crystallisa- 
tion from alcohol. 

0*1542 gave 25*8 c.c. BT at 21° and *757 mm. N = 19*2. 

G 8 B r H 70 lH s H - 0 6 H 5 requires H = 19*5 per cent. 
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The substance is, therefore, the hydrazide of a monoxypicoline. 
It is more probable that it is an a-oxy- 7 -hydrazide of picoline than 
that the hydrazine residue is in the a-position. Dioxypicoline does 
not seem to react with hydroxylamine. 

Several trials were also made to further chlorinate dichloropicoline. 
Chlorine was passed through an acetic acid solution of the substance, 
both at the ordinary temperature and at the boiling point, but scarcely 
any action occurred, and, although some hydrogen chloride was pro- 
duced, it was found to be due to the formation of chloracetic acid. 
Even when chlorine was bubbled through boiling dichloropicoline 
itself, the action was only very slight ; no definite compound was 
formed, even after several hours’ action, and nearly all tho dioliloro- 
picoline was recovered unchanged. 

Having been unsuccessful in our attempts to obtain a trichloro- 
picoline, we next tried the action of cold dilute solution of potassium per- 
manganate on the dioxypicoline, hoping that possibly a trioxypicoline 
would be produced ; 16 grams of dioxypicoline were shaken with dilute 
potassium permanganate solution, the mixture being kept cold ; the 
colour of the permanganate disappeared almost the moment it was 
added. At the end of the action, the whole was gently heated on a water 
bath, filtered, and the filtrate evaporated with just sufficient hydro- 
chloric acid to render it neutral; long, needle-shaped crystals were 
obtained, melting at 179° (corr.), the yield, however, was small. 
The substance, after recrystallisation from alcohol, did not give any 
characteristic coloration with ferric chloride, the liquid merely 
acquiring an orange tint. 

0*1887 gave 0*341 C0 2 and 0'077 H a O. C = 50*8 ; H = 4*7. 

0T61 „ 13*6 c.c. moist nitrogen at 18 and 769 mm. NT = 9*8. 

C 6 HH 7 O 3 requires 0 = 51*1 ; H = 4*9 ; 1ST = 9*8 per cent. 

The substance may be a trioxypicoline, but, unfortunately, wo wore 
never able to exactly reproduce the exact conditions uocessary for its 
formation. Many experiments were tried, but all without success. 

In some of these experiments, on evaporating the filtrate from tho 
precipitated manganese dioxide, a yellow compound was obtained, 
which, when recrystallised from alcohol, melted at 252° (262° corr.). 

The mean of three analyses gave 0 = 51 9 ; H = 6*0 per cent. ; it 
contained also X = 8*1 per cent. These numbers, howevor, do not 
seem to agree with those required by any simple oxidation product. 
The substance may not have been pure, but its melting point remained 
constant. We were not able, however, to further study the properties 
of this substance. 

Dioxypicoline seems to remain unchanged when submitted to the 
action of reducing agents ; sodium amalgam did not change it, and 
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when heated in a sealed tube with fuming hydriodic acid and phos- 
phorus, the compound either remained unchanged or it is com- 
pletely decomposed, in one experiment with the formation of large 
quantities of phosphonium iodide, acetic acid, aud carbon dioxide. 

University College , 

London. 


XLV . — The Colouring Principle of Toddalia aculeata 
and Evodia melicefolia . 

By A. G-. Pet* ken and J. J. Ht'mmll. 

Toddalia Aculeata . 

This Indian plant, belonging to the Butacece, is a rambling shrub 
found in the sub-tropical Himalayas, in the Khasia Mountains, and 
throughout the Western Peninsula, and Ceylon. 

The root-bark is used in Madras as a yellow dyestuff, and it is also 
highly spoken of by various writers as one of the most valuable of 
Indian medicinal products, possessing tonic, stimulant, and anti- 
pyretic properties. It was introduced into European medicine in 
1771, and at one time enjoyed some celebrity under tho name of 
“ Lopez Boot,” but it has long since fallen into disuse. 

The toddalia root does not appear to have been ever satisfactorily 
examined. Fliickiger and Hanbury state that they found the root- 
bark to contain an essential oil, and some substance, precipitated from 
the aqueous solution by tannic acid, which they regarded as an in- 
different bitter principle rather than as an alkaloid. They state that 
they were unable to detect the presence of berberine. 

For the small sample examined by us, we are indebted to Dr. Ct. 
Watt, from whom it was obtained during his official connection with 
the Colonial and Indian Exhibition, London, 1886. 

The root, about § inch in diameter, possesses a marked aromatic 
odour, and has a pale yellowish, almost white, woody centre, and a 
brown bark covered with a bright yellow, soft, powdery, pith-like 
substance. The central woody portion, the inner bark, and the 
external yellow powder were separately examined. 

Ten grams of the external yelloto powder were digested for two 
hours with 100 c.c. of boiling alcohol, filtered, and the residue again 
treated in a similar manner. To the orange-brown filtrate alcoholic 
lead acetate solntion was added drop by drop as long as a colourless 
precipitate was formed, and after this had been removed by filtration, 
the filtrate was evaporated to a small bulk and poured into five times 
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its volume o£ dilute hydrochloric acid. A viscous, yellow precipitate 
was thus obtained, which increased in quantity on standing ; this 
was collected upon calico, and, after being rinsed with cold, was 
digested with boiling water ; the turbid, yellow liquid thus 
obtained con tain ed resinous matter in suspension, but this was 
readily removed by means of ether. After boiling the clear aqueous 
solution, excess of hydrochloric acid was added, and on cooling, it 
deposited long, orange- coloured needles, which were collected and 
washed with dilute hydrochloric acid. To purify this product, it 
was dissolved in boiling dilute alkali and the solution digested with 
animal charcoal, filtered, treated with hydrochloric acid, and allowed 
to cool; the yellow needles v hich separated were collected, washed 
with water, and allowed to dry at the ordinary temperature. The 
product weighed 0*35 gram. 

For analysis this was converted into the platinochloride in the 
usual manner, and the resulting amorphous, yellow powder dried at 
100 °. 

0*294 on ignition yielded 0*0535 Pt. Pt = 18*19. 

(C2oH 17 23’04)>,H 2 PtCl 6 requires Pt = 18*02 per cent. 

The analytical numbers accorded therefore with those given by 
berberine platinochloride. Its identity with this substance was 
shown by a comparison of the reactions of the hydrochloride above 
referred to with berberine hydrochloride obtained from other 
sources. 

The inner bark of this root (60 grams) was found, on examination 
by the above method, to contain but a trace of berberine, so small, 
indeed, that this was probably derived from traces of the preceding 
yellow powder still adhering to it. It contained, however, some 
quantify of a sticky, resinous product which was insoluble in water or 
dilute acids, but readily soluble in ether, and appeared to bo identical 
with the similar substance present in the yellow powder. The quantity 
obtainable was too small for extended examination, and the pre- 
liminary experiments were not successful in extracting from it any 
crystalline substance. The central woody portion of the root yielded 
no berberine. 

Boodia Jlelicejolia. 

This tree, belonging to the Putacece, is found in China and Japan, 
where its bark is lately employed in dyeing as well as in medicine. 
It was formerly described by Loureiro and others as Pierocarpu a 
fiavw , but this error was eventually corrected by P. W. Squire 
( Pharm . Jour., [3], 1888, 18, 785), who proved it to be really TSvodict 
glauca , whirh is synonymous with B. melicsfolia (Flora, British 
India, 1, 490). Some time ago we received from Mr. James 
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Buchanan, of Shanghai, a small sample of bark called by the Chinese 
“ hwang-peti,” exhibiting all the cliaracteristics described by Squire, 
and its identity with that of Evodia melicefoUa having been determined 
tor us by Mr. Thistleton Dyer, Director of the Royal Botanic Gardens, 
Kew, we examined it both chemically and tinctorially. 

The literature of this dyestuff is extremely meagre, the only refer- 
ences to its colouring principle we have met with being those of Gr. 
Martin, Tokio (ArcJiiv. d. Phami 1878, 13, 337), and of P. W. 
Squire (loc. cit.'). The former merely states the fact that he found 
the bark to contain berberine, and the latter that the reactions of the 
aqueous decoction of the bark with picric acid, hydrochloric acid, and 
calcium hypochlorite indicated the presence of berberine. Neither 
ot these observers furnish analytical data, and it appeared to xls. 
therefore desirable to obtain conclusive confirmation of these state- 
ments. 

Fifty grams of the finely ground bark were extracted with alcohol, 
and the extract treated in a similar manner to that dcscribod under 
Toddalia aculeata (p. 413) ; a crystalline yellow product was obtained 
closely resembling berberine hydrochloride, and this was converted 
into the platinochloride, and dried at 100°. 

0*4555 gave on ignition 0*0825 Pt. Pt = 18*11. 

0*2404 „ 0 3907 C0 2 and 0*0760 H*0. 0 = 44 32 ; H 3*51. 
(Oso^NOO^HaPtCh requires C = 44*47; H = 3 33 ; Pt = 18*02 

per cent. 

It was evidently berberine platinochloride. This bark also con- 
tains some quantity of a resinous substance soluble in ether, 
apparently identical with that found in the Toddalia aculeata . 

Having some quantity of the root of the Oobciiiium fenestratum 
which contains berberine (Perrins, Annalen , 83, 276), it was 
examined by the preceding method in uhe hope that it would contain 
sufficient of this resinous substance for examination. Berberine was 
readily obtained, though the resinous substance was found to be 
absent from the root. 

Ihjeing Piopertie* — A series ot dyeing experiments were made 
with the evodia bark on silk, wool, and cotton. Wool and silk, with- 
out being mordanted, are readily dyed a blight yellow by boiling for 
half an hour in an aqueous decoction of the bark. The addition of 
1 per cent, of sodium carbonate to the dye bath is beneficial by in- 
creasing the intensity of the colour without impairing its brilliancy. 
Larger additions of sodium carbonate give still deeper colours, but 
they are not so bright ; prolonged boiling acts in the same direction. 
Evodia baik is best adapted for dyeing silk, on which a full, bright 
yellow is obtained with 20 per cent, of dyestuff. 
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Cotton lias no attraction for the dye unless it has been previously 
mordanted with tannic acid, when it is dyed in neutral bath a dull 
yellow. 

The foregoing experiments indicate that the bark contains a basic 
colouring matter which behaves in the normal manner. A compara- 
tive dyeing experiment on wool indicated that evodia bark contains 
the equivalent of 3 per cent, of berberine hydrochloride. 

Experiments with toddalia gave similar results. 

Glotliworkei's Research Laboratoi-y , 

Dyeing Department, Yorkshire College . 


XLVI. — Triweth ylsuccinic and aa^Diiiieth ylgl utaric 

acids. 

By ¥m. A. Boni , M.ttc , Ph.D. (late Fellow of Victoria University), 
and W. H. Pekkin, jun., F.B.S. 

Introduction . 

Durinu the last few years, there has been considerable discussion as 
to the conditions of formation and properties of the isomeric acids 
which form the subject matter of this communication, and in spite of 
a great deal of experimental work it is only quite recently that the 
varions issues raised in the controversy have been at all clearly 
understood. 

In 1889, Zelinsky (Bar., 1889, 22, 2823) first obtained a mixture 
of two isomeric aa^dimothylglutaric acids by acting on the sodium 
compound of othylic a-cyanopropionate with methylenic iodide, and 
then hydrolysing the product and heating the acids thus obtained to 
200°. Tho reactions involved in this process may be thus written. 

2CII,<m(ONyCOOEt + CBM; = ON-O(CH,)-CH a -C(OH0-ClSr 

COOEh COOEt 

UN*C(CHj)*011a'O(01Ij)*0N' HC(CH 2 )-CH 2 ’ClI(CH a ) 

COOEt OOOEt + a ~ COOH COOH 

+ 20 2 H 6 -OH 4- 2NH, + 200* 

Ho separated the two isomeric acids by fractional crystallisation from 
a mixture of benzene and light petroleum. The more insoluble acid 
melted at 128° and the more soluble at 102° to 104°, but they resembled 
each other very closely in their other properties. 

la the following year, Bischofi and Mintz (Per., 1890, 23, 647) 
described as trimethylsuccinic acid an acid melting at 105°, and 
yielding an anhydride melting between 67° and 82°, which they had pro- 
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pared from the product of the action of ethylic a-bromisobutyrate on an 
alcoholic solution of the sodium compound of ethylic methylmalonatc. 
Shortly afterwards, Bischoff (Ber., 1890, 23, 1464) repeated 
Zelinsky’s preparation of the aai-dimothylglutaric acids, and obtained 
an acid melting at 100 — 101°. He found its dissociation constant to 
be identical with that of the <e trimethylsuccinic acid ” prepared by 
himself and Mints, namely K = 0*0054. Despite this fact, he con- 
sidered that the latter was a true trimethylsuccinic acid, mainly on 
account of its method of formation, as it was difficult to see how any 
acid other than trimethylsuccinic could be formed in this way. 
Auwers and Jackson ( B(t., 1890, 23, 1599) argued from the small- 
ness of its dissociation constant that Bischoff was mistaken in calling 
his acid u trimethylsuccinic acid,” and that it was in reality a 
dimctliylglutaric acid. Ostwald had shown that in the substituted 
succinic acids the dissociation constant increases in value with 
the number of alkyl groups, whereas the dissociation constant of 
BischofFs acid is actually below that of succinic acid itself 
(K = O’ 00665). Further, the identity of its dissociation constant and 
that of Zelinsky's aa x -dimethylglutaric acid, and the fact that when 
treated with bromine according to the Hell-Yollard-Zelinsky method 
it yielded the anhydi'icle of a dibromo-acid, and therefore contained 
two a-hydrogen atoms, showed that in reality it was a dimothyl- 
glutaric acid. To explain its formation by the action of ethylic 
a-bromisobutyrate on the sodium compound of ethylic methyl- 
malonatc, Auwers supposed that under the conditions of the experi- 
ment the ethylic a-bromisobutyrate loses hydrogen bromide and 
yields ethylic methacrylate, this then condenses with the sodium 
compound of ethylic mothylmalonate forming the ethylic salt of a 
tricarboxylic acid, which on subsequent hydrolysis and heating of 
tho resulting acid to 200° would give aa r dimethylglutaric acid.* 

The reactions which aro supposed to occur may bo thus expressed. 

°%>OBrCO<m = HBr + °{^>OOOOEt. 

OH? >0 ' COOm + OJIj-OHCOOOKtJj = 

( COOKt),C(OJI (CHjJ’COOEt, 

and so on. 

Bischoff (fJer,, 1891, 24, 1041) then admitted the correctness of 
Auwer’s explanation, but on further investigation he showed that if 
ethylic a-bromisobutyrate and the sodium compound of ethylic methyl- 

* We may here note that a very similar explanation was given by Hell of the 
fact that when ethylic a-bw>misobutyrate is treated with molecular silver, and the 
product hydrolysed, a mixture of tetramethylsucoinic and trimethylglutaric acids 
is obtained (3er., 1890, 23, 298). 
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malonate were allowed to interact in xylene at 180°, instead of in 
alcoholic solution, a mixture of ethereal halts was obtained which on 
hydrolysis yielded, besides the dimethylglutaric acid melting at 102° 
to 105°, a large quantity of an isomeric acid melting at 139*5°, and 
having a dissociation constant K = 0 0310, and which he therefore 
concluded was trimethylsuccinic acid. 

Zelinsky (Per., 1891, 24, 459) next prepared trimethylsuccinic 
acid by the action of ethylic a-bromisobntyrate on the sodium com- 
pound of ethylic cyanopropionate in alcoholic solution, subsequently 
hydrolysing the ethylic cyanotrimethylsuccinate thus formed with 
dilute sulphuric acid, and then heating the product at 200° until 
carbon dioxide ceased to be evolved. 


(CH^CBr-COOEt + Off ,-CKa(CN) -COOEt = 

CK-C(CH 3 ) 2 -CH-CH, 
COOEt COOEt 


+ KaBr. 


CN-C(CH0 2 -CB>CH d 
COOEt COOEt 


+ 4H 2 0 


-x 


(CH 3 ) 3 -CH*CH 3 
OOH COOH + 


2C 3 H e -OH + NH, + C0 3 . 


The product, howevei', was in reality a mixture; and by fractional 
crystallisation from a mixture of benzene and light petroleum he 
isolated two acids ; the less soluble melting at 140 — 141° and having 
a dissociation constant K = 0*0322; the more soluble melting at 
100 — 101° and having a dissociation constant K = 0*0063. He main- 
tained that they were both trimethylsuccinic acids, and that the acid 
of lower melting point was quite distinct from the dimethylglutaric* 
acid melting at about the same temperature. 

Auwers (Auwers and Kobner, JBer., 1891, 24, 1923) stiongly 
dissented from Zelinsky's view of the nature of bis acid of lower 
melting point, and showed that its chemical and physical properties 
so closely resembled those of the dimotliylglutanc acid molting at 
LoS’that the two substances must be identical. Both acids when 
treated with acetyl chloride yielded the same anhydride melting at 
95 r , and this on treatment with water gave an acid molting at 128 f , 
identical with the dimethylglutaric acid of higher melting point. 
Zelinsky, however, was unconvinced, and still remains so. Of course 
the formation of dimethylglutaric acid from ethylic cyanopropionate 
and ethylic bromisobutyrate is readily understood if it be assumed 
that the reaction takes place in a similar way to that by which 
Bt sch off obtained dimethylglutaric acid from ethylic mothylmalonato 
and ethylic a- bromisobutyrate (see p. 417). 

In 1893, Koenigs (Iter., 1893, 26, 2337 ), by the oxidation of cam- 
phoric acid with chromic acid, obtained a trimethylsuccinic acid, which 
melted at 139 — 14CT, and was in all respects identical with BischofPs 
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synthetical trimethylsuccinic acid. In the same year, Helle (Iaauff. 
Xtiss., Bonn, 1893), by the dry distillation of camphoronic acid, obtained 
■a trimeth ylsnccinic acid melting at 131°, which, with acetyl chloride, 
yielded an anhydride melting at 31°; this acid he also considered was 
identical with the trimethylsuccinic acid prepared synthetically by 
Bischoff. 

Early last year, the authors were desirous of preparing trimethyl- 
snccinic acid in considerable quantity, and on studying the literature 
of the subject with the view of finding the best method of preparation, 
they found such a confused mass of experimental data, that it was 
very difficult to form any opinion in the matter, as the following acid* 
had all been described as u trimethylsuccinic acid.” 



Melting point. 

K. 

Authority. 

ao 

f 140—141° 

0*0322 

Zelinsky. 

1 139 — 140 

0*0310 

Bischoff, Koonigs. 

(2.) 

131 

— 

Helle. 

(3.) 

100—101 

0*0063 

Zelinsky. 


Now, although Helle considered his acid to bo identical with that 
prepared by Bischoff and Koenigs, the difference in the melting 
points tended to throw some doubt on his view, especially as ho had 
obtained his acid so pure as to be able to subject it to a detailed 
crystallographic study. Even supposing the two acids were really 
identical, there still remained Zelinsky’s acid of lower melting point 
to be accounted for. Trimethylsuccinic acid contains one asymmetric 
carbon atom, and therefore, according to tho van’t Hoff-Le Bel 
theory, it should only exist in one inactive form. If there are, as 
Zelinsky contends, two inactive modifications, then the theory in 
question is inadequate to explain the facts ; the case being a crucial 
one, the authors decided to subject it to a caroful rc-investigation, 
some of the results of which are dotailed iu this paper. 

Quite recently, February 1895, Auwers 28, 623) published a 
preliminary notice of some further work on the subject. On pre- 
paring trimethylsuccinic acid by every known method, ho finds that 
it exists in one form only, molting at 147°, and yielding an anhydride 
which melts at 31°. He also brings further evidence against the view 
ithat Zelinsky’s acid of lower molting point is a trimethylsuccinic 
acid, and finds that it is really a mixture of two aa i -dimethylglutaric 
acids in molecular proportion, the one melting at 126° (jbU) % and the 
other at 140 — 141° (trans). The results of our experiments may be 
summarised as follows. 

We have prepared trimethylsuccinic acid in quantity by two quite 
different methods, namely, the action of ethylic o-cyanopropionate on 
.ethylic a-bromisobutyrate (Zelinsky’s method), and by the action of 

vol. lx vii. 2 a 
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etliylic a-bromisobutyrate on etbylio sodiomethylmalonato at 180° in 
xylene solution (Bischoff’s method), and find that it undoubtedly only 
exists in one form, which melts at 152° (Auwers gives 147 — 148°), and 
yields an anhydride melting at 38*5° (Auwers gives 31°J. Thus we 
are able to confirm Auwers* views as to the nature of this acid ; with 
regard to the isomeric aa^dimethylglutaric acids, the authors Lave 
isolated two, one melting at 128° (cis-), and the other at 105° to 
107°. Both these acids, on heating with acetic anhydride, yield the 
same anhydride, melting at 93° to 94°, which, with water, yields 
the cis-acid, melting at 128° again. The authors are engaged in an 
examination of the 105° acid, which is not yet complete enough for 
publication ; up to the present, however, their results are not in agree- 
ment with those of Auwers. 

During the course of their experiments, the authors have isolated 
ethylic a/3-dicyanopropionate, CH a (ClT)*CH(CN)'OOOEt, a substance 
which crystallises in needles melting at 118°, and also trimethylcyano- 
propionic acid, CH 3 ‘OH(CNr)'C(CH 3 ) 2 'COOH, an interesting acid 
which crystallises in colourless needles melting at 126°, and, on treat- 
ment with acetic anhydride, yields a beautifully crystalline acetyl 
derivative, CH 3 -C(C0-CH 3 )(CN)-0(CH 3 ) 2 -C00H, melting at 67°. 
The authors are engaged in further work on these acids, the results 
of which they reserve for a future communication. 


Experimental Part. 

Preparation of Ethylic a- Gyanopropionate, CH a *CH(CN’) , OOOEt. 

The ethylic a-cyanopropionate required for this investigation was 
prepared by the action of potassium cyanide on an alcoholic solution 
of ethylic a-bromopropionate. This reaction was first employed by 
Zelinsky (Ben, 1888, 21, 3162), who allowed the substances in 
question to interact on a water bath at the ordinary pressure. The 
yield of ethylic a-eyanopropionate was very unsatisfactory, as the 
product of the action contained not only a considerable quantity of 
unchanged ethylic a-bromopropionate, but also a large amount of 
ethylic dimethylcyanosuccinate, the latter being formed by the con- 
densation of some of the ethylic a-cyanopropionate with the unchanged 
ethylic a-bromopropionate, as follows. 

CH a *CH(CIS T )-COOEt + CHs-CHBr-COOEt a 

OOOEt-0(OH s )(CTSr)-OH(OH a )-OOOEt + HBr. 

Thus, from 258 grams of ethylic a-bromopropionate, bo obtained 
45 giams of unchanged substance, only 27 grams of etliylic a-eyano- 
propionate, and no less than 64 grains of ethylic dimetliyleyano- 
succinatc. 



TRIMETHYLSU CGINIC AND a« r DIMETHYLGLTJTARIC ACIDS. 421 

The authors set to work to see whether by modifying the conditions 
of the experiment they could not improve the yield of ethylic a-cyano- 
propionate, and ultimately found that by working under pressure a 
much better result could be obtained. The method they finally 
adopted is as follows. 

Fifty grams of finely-powdered potassium cyanide are added to a 
mixture of 100 grams of ethylic a-bromopropionate and 50 grams of 
absolute alcohol contained in a dry soda-water bottle ; the bottle is 
then tightly corked and heated for six to eight hours at 100° in a 
water bath. It is found convenient to heat five or six such bottles at 
one time. The contents of the bottles, which are yellowish-brown 
(and in some cases dark brown), and smell strongly of hydrogen 
cyanide, are now filtered at the pnmp, and the residual potassium 
cyanide and bromide washed with a little alcohol. As much of 
the alcohol as possible is distilled off from the filtrate on the water 
bath, and the residue poured into water, when a reddish-brown oil 
separates ; this is extracted with ether, the ethereal solution, after 
being well washed with water and dilute sodium carbonate solution, 
is dried over calcium chloride, and the ether distilled off. The 
residual reddish oil consists principally of three substances, namely, 
ethylic a-bromopropionate, ethylic a-cyanopropionate, and ethylic 
dimethylcyanosuccinate ; these may be separated by careful frac- 
tionation, which is best effected under reduced pressure, using a 
fractionating column and a water condenser. Under a pressure of 
30 — 4,0 mm., the unchanged ethylic a-bromopropionate distils for the 
most part between 77° and 85°, and then, if the fractionation has 
been carefully conducted, the thermometer rises somewhat rapidly to 
103°, between which temperature and 110° ethylic a-cyanopropionate 
passes over as a colourless oil. It is well to interrupt the process at 
this juncture, and to continue the fractionation in an ordinary distil- 
ling flask without a column. The thermometer now rises very 
rapidly, and at a temperature of 195 — 200°, under 80 mm., ethylic 
dimethylcyanosuccmate passes over as a pale yellow oil ; if this be 
very rapidly cooled, a small quantity of a beautifully crystalline solid 
separates out on the sides of tho condenser, the investigation of 
which is described iu tho succeeding paragraph. The following table 
gives the quantities of the three principal products obtained by the 
modified process (from 100 grams of ethylic a-bromopropionate 
used) as compared with those got on employing the earlier method of 
Zelinsky. 

Now. Old. 


Unchanged ethylic a-bromopropionate. 28 83 

Ethylic a-cyanopropionate 20 12 

Ethylic aa-dimethylcyanosuccinate 10 7 

2 u 2 
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Ethylic Bicyanopropionate , CH 2 (CN)*CH(CN)*COOEt. 

This substance is only formed in very small quantities in the fore- 
going experiment, the products of eight or ton bottles yielding only 
some 2 or 3 grams; it is deposited on the sides of the condenser in 
light, white flakes, during the distillation of the ctkylic dimethyl- 
cyanosuccinato. It seems to be rather soluble in ethylic dimothyl- 
cyanosuccinate, and the more rapidly the vapour of the latter is 
condensed, the more of this solid body is obtained ; it is fairly 
soluble in benzene, and, although almost insoluble in cold light 
petroleum, it may be crystallised from the hot solvent in beautiful, 
silky, pale yellow needles, which melt at 118°. On analysis, it yielded 
numbers closely agreeing with the empirical formula CfHsOgN* 
Carbon. Hydrogen. Nitrogen. 

Found 55*00 5*99 18*45 per cent. 

Calculated... 55*26 5*26 18*42 

A determination of the molecular weight by Raoult’s method gave 
the following results. 

0*123 gram substance dissolved in 19*00 grams of benzene produced 
a depression of 0*215° in the freezing point. 

. • . Molecular weight = 147*5. C 7 H80 2 NT 2 = 152. 

We concluded that the substance was ethylic a/3- dicyanopropionate, 
CH 2 (CN‘) *CH (CN) -COO C 2 *H 6 , and in confirmation of this view wo 
found that, when boiled with concentrated hydrochloric acid for 
some time, it yielded ammonium cliloride and an acid which gave the 
qualitative reactions of succinic acid, which should be formed according 
to the equation 

CB*(CN>CH(CN)-COOC 2 H5 + 5H*0 = COOH-OH 2 *CH 2 -COOIT 

+ CA-OH + COi + 2NH> 

The formation of this substance probably takes place as follows. 
During tho bromination of tho propionic acid, a small quantity of 
the bromopropionic acid loses hydrogen bromide with formation 
of acrylic acid, according to the equation CHVOHBrCOOH = JIBr 
4- OHalOH-OOOH. This then combines with the excess of bromine 
to form ayS-dibrompropionic acid, CB^BrCHBrCOOH, tho ethereal 
salt of which, when heated with potassium cyanide, yields the corre- 
sponding dicyano-compound. Other cases, somewhat similar to this, 
have been noticed in these laboratories. 

Preparation of Ethylic Trimettylcyamsuccmate , 
COOEt'C(OH s ) 2 -C(CH3)(ON)-COOEt. 

The method employed for the preparation of this substance was 
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essentially that proposed by Zelinsky (Ber., 1891, 24, 468), and may 
be briefly described as follows. 

127 grains of ethylio a-cyanopropionate are mixed with a cold 
solution of 23 grams of sodium in 280 grams of absolute alcohol, and 
205 grams of ethylic a-bromisobutyrate carefully added. There 
appears to be little or no action in the cold, but, on heating the 
mixture on the water bath in a reflux apparatus, sodium bromide 
soon separates, and, after some two hours, the solution becomes quite 
neutral. The contents of the flask are then poured into a large 
volume o£ water, when the ethylic trimethylcyanosuccinate separates 
as a dark yellow oil, which is extracted with ether. The ethereal 
solution is washed with water and dilute sodium carbonate solution, 
and dried over calcium chloride ; the ether is then distilled of£ and 
the residual oil carefully fractionated under diminished pressure, 
when ethylic trimethylcyanosuccinate is obtained, boiling at 193 — 195° 
under a pressure of 40 mm. The yiold is nearly theoretical. 

Hydrolysis of ihe JSthereal Balt . 

Zelinsky (loc. tit.) hydrolysed this ethereal salt by boiling it with 
dilute sulphuric acid ; the authors, however, found this method very 
unsuitable, as, aftor heating for several days, a considerable amount 
of oil still remained unchanged. They decided therefore to employ 
alcoholic potash as the hydrolysing agent, and conducted the opera- 
tion as follows. 

The ethereal salt is slowly added to double its weight of potassium 
hydroxide dissolved in alcohol, and contained in a large flask; the 
addition is accompanied by a very considerable development of heat, 
and the flask, therefore, must be well cooled to prevent loss by 
frothing. A potassium salt separates almost immediately, and the 
contents of the flask become quite pasty, necessitating the addition 
of more alcohol. After all tho ethereal salt has been added, the 
flask is connected with a reflux condenser and heated for 8—10 hour* 
in a water bath, when a large amount of ammonia is evolved. Tho 
contents of the flask are then diluted with wator until tho potassium 
salt all dissolves, the solution poured into a large evaporating 
basin, and boiled vigorously for two or throe days, fresh water and 
potassium hy dioxide being added at intervals. To completely hydro- 
lyse the ether is a matter of considerable difficulty, and wo shall show 
that, after continued heating with potassium hydroxide in the manner 
just described until the evolution of ammonia nearly ceases, a very 
lair quantity of the potassium salt of trimethyleyanopropionic acid is 
left undecomposed. The alkaline liquid is concentrated to a small 
volume on the water bath, cooled, and carefully acidified with hydro- 
chloric acid; it is then repeatedly extracted with pure ether, the 
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ethereal solution dried over calcium chloride, the ether distilled off, 
and the residual oil heated in an oil hath at 200° until the evolution 
of carbonic anhydride entirely ceases. 

In order to obtain the acids as pure as possible, it is advisable to 
distil the crude product under reduced pressure. Under a pressure 
of 100 mm. the greater part passes over between 190° and 260° as a 
colourless, pungent oil, consisting of a mixture of the acids and their 
anhydrides. 

Separation of the Adds . — The anhydrides are converted into acids 
by dissolving them in hot water and evaporating the solution to 
dryness on the water bath ; on cooling, a solid mass, consisting of the 
mixed acids, is left behind, which melts gradually between 70° 
and 95°. Zelinsky endeavoured to effect their separation by fractional 
crystallisation from a mixture of benzene and light petroleum, as 
stated in the introduction to this paper. The authors tried this 
method, but found that, although it was possible to effect a partial 
separation in this way, none of the fractions had a very definite 
melting point; fractional crystallisation from concentrated hydro- 
chloric acid was then tried, but this gave still less satisfactory results. 
Finally, however, experiments on the fractional crystallisation of the 
calcium salts enabled the authors to devise a good method for iso- 
lating the pure acids, which is as follows. The mixture of the acids 
is dissolved in a small quantity of water, dilute ammonia added in 
slight excess, and, after heating the ammoniacal solution on the 
water bath for a short time, allowing it to remain overnight; a 
large crop of long, colourless needles of cyanotiimethylpropionic acid 
{A) separates, and are removed by filtration. On adding a little 
more ammonia to the filtrate and again concentrating, more of the 
needles are deposited on cooling ; this operation is repeated until no 
more needles appear, even after the liquid has stood several hours. 
The clear liquid is now diluted in a large beaker with a considerable 
quantity of water, and mixed with au excess of calcium chloride 
solution. The beaker is now placed on a sand bath and its contents 
boiled for about half an hour, during which time the insoluble 
calcium salt (B) of trimethylsuccinic acid gradually separates. The 
liquid is now filtered while still hot, with the aid of the pump, and 
the calcium salt remaining behind is rapidly washed with a little hot 
water. If the filtrate is concentrated somewhat on the water bath, a 
further quantity of the calcium salt separates. 

The mixed acids present in the filtrate as calcium salts are re- 
covered by decomposing them with excess of strong hydrochloric 
acid, extracting with ether, and evaporating. The hard, crystalline 
residue, which melts gradually between 90° and 115°, is dissolved in 
.a slight excess of dilute ammonia, and the whole process detailed 
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above is repeated, when more cyanotrimethylpropionic acid and a 
further quantity of the insoluble calcium salt of trimctliylsuccinic* 
acid are obtained. Finally, the filtrate is again concentrated lo a 
small volume on the water bath, decomposed by boiling with con- 
centrated hydrochloric acid, and allowed to stand for some time, 
when a large crop of perfectly white crystals separates; these are 
collected, and, after recrystallisation from concentrated hydrochloric 
acid and drying on a porous plate, melt sharply at 127°. This 
substance (C) proved to be one of the modifications of dimethyl - 
glutaric acid, which is much more insoluble in strong hydrochloric 
acid than the other isomeride. 

The hydrochloric acid filtrate from this acid is again extracted 
with pure ether, the ethereal solution dried over calcium chloride, 
and the ether distilled off, when a solid acid is left, which melts 
gradually between 95° and 110°. On dissolving this in hot benzene, 
and allowing the solution to slowly evaporate at the temperature of 
the room, crystals are gradually deposited; when about half the 
benzene has volatilised, the liquid is poured off, and the acid is recrys- 
tallised from a small quantity of hot benzene, and dried on a porous 
plate. The crystals then melt at 105° to 107°. 

As the benzene mother liquors still contain a considerable quantity 
of acid, the benzene is distilled off, and the oily residue is left for a 
week or two, when it becomes semi-solid ; by careful treatment with 
benzene moro of the acid, molting at 105° to 107°, may he obtained, 
but after as much as possible of this has been recovered an oil remains 
which is excessively soluble in benzene and water, and does not 
solidify even on standing in a vacuum several weeks at a low tem- 
perature (below the freezing point of water). This oil has not yet 
been investigated. 

In this way, we have isolated from the original mixture of acids the 
four following compounds. 

A. The colourless needles. 

B. An insoluble calcium salt. 

0. An acid melting at 127°. 

D. „ „ 105° to 107°. 

We shall now discuss these in detail. 

A. Trivnethylcymio^opionic acid, OOOH*0(OHs) a 'OH(OH5) # Oir. 

The colourless needles melted at 12S — 125°, but, after recrystallisa- 
tion from hot concentrated hydrochloric acid, they melted sharply 
at 126°. They are sparingly soluble in cold water and in hydro- 
chloric acid, but dissolve easily in these solvents on boiling, and sepa- 
rate again on cooling. The acid is fairly soluble in cold benzene, but 
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insoluble in cold light petroleum, or in a mixture of benzene and 
light petroleum ; it is very readily soluble in chloroform or alcohol. 

On analysis the following numbers were obtained, which agree well 
with the empirical formula CrHnOaN. 

Carbon. Hydrogen. Nitrogen. 

Found 60 01 7* 88 10*23, 9*88 per cent. 

Calculated. , . 59 58 7*80 9*99 

This acid is an interesting substance in many respects. K a solution 
of its ammonium salt is heated on a water batb, the salt decom- 
poses, ammonia is evolved, and, on cooling, the free acid separates. 
Although the acid contains a cyanogen group, it may be recxystallised 
from hot concentrated hydrochloric acid without decomposition ; in 
fact, it is only on prolonged heating with the ordinary hydrolysing 
agents that it is decomposed. 

The siher salt was prepared by dissolving the acid in dilute 
ammonia, gently warming the solution to get rid of the slight excess 
of ammonia present, and then adding rather more than the calcu- 
lated quantity of silver nitrate dissolved in water. No precipitate 
was formed, but, on slowly concentrating the solution in a dark zoom 
at a moderately low temperature, colourless needles separated. These 
were collected with aid of the pump, quickly washed with cold 
distilled water, in which they are rather soluble, and dried in a 
vacunm over sulphuric acid. The salt must be kept in a dark place, 
as it is rather readily acted on by light. 

On analysis the following numbers, corresponding with the formula 
C 7 H w 0 2 NAg, were obtained. 


Silver. Carbon. Hydrogen 

Found 43*90, 43*86 33 20 411 per cent. 

Calculated... 43-55 33*89 4 03 


Acetyl Derivative , COOH*C(CH 3 )2*C(CHa)(CN)*COCH3.— A small 
quantity of the acid was heated for 10 hours with excess of acetic 
anhydride in a small reflux apparatus on a sand bath. After the 
excess of acetic anhydride had been distilled off under a pressure of 
200 mm., the receiver was changed, when a colourless oil distilled 
over at a temperature of 240°; this, on cooling, solidified to a crystal- 
line mass meltmg at 60 — 63°. It is very soluble in acetic anhydride, 
but it may be obtained in beautiful colourless crystals by allowing an 
acetic anhydride solution slowly to concentrate in a vacuum over 
solid potash. It may be recrystallised from hot light petroleum, and, 
when pure, melts sharply at 67°. 

On analysis, it gave the following numbers 
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Carbon. Hydrogen. Nitrogen. 

Found 587 7*29 7*89 per cent. 

Calculated (C^HuO^Nr) . . . 59*01 7*10 7*65 „ 

On 'warming the acetyl derivative for a few minutes with, concen- 
trated hydrochloric acid, it dissolves, and, on cooling, the solution 
deposits long needles of the original acid, melting at 126°. 

The Constitution of the Add . — This was determined by boiling it for 
several hours in a reflux apparatus with concentrated hydrochloric 
acid; on cooling, white crystals of trimethylsuccinie acid were de- 
posited, which, after recrystallisation, melted at 150° (see B). The 
filtrate was found to contain ammonium chloride. These reactions 
show that the acid has the constitutional formula 

COOH-CCCH^s-OHCC^-CN. 

B. The Insoluble Caldum Salt of Trimethylsuccinie add , 
COOH-C(CH 3 ) 2 -CH(CH 3 )-COOH. 

This calcium salt (B) was decomposed by dissolving it in hot, strong 
hydrochloric acid ; on allowing the solution to cool, a mass of hard 
greyish-white crystals separated, which, when collected and dried on 
a porous plate, melted at 138 to 142°, but on recrystallisation from 
concentrated hydrochloric acid the melting point was raised to 145° to 
149°. To further purify the acid, it was dissolved in hot water, a 
slight excess of dilute ammonia added, and the acid again precipitated 
as calcium salt by boiling with excess of calcium chloride. Tho 
calcium salt was collected, washed well with water, and the acid again 
regenerated by boiling with concentrated hydrochloric acid. The 
filtered solution, on standing, deposited perfectly white, hard crystals, 
which, after being dried first on a porous plato and then at 100°, 
m elted sharply at 151 — 152°. On analysis the acid gavo tho following 
numbers : — 

Calculated for 

Found. C 7 H is 0 4 . 


Carbon 52*47 52*50 per cent. 

Hydrogen 7*23 7*50 „ 


Trimethylsuccinie acid is fairly soluble in cold water, but almost 
insoluble in cold concentrated hydrochloric acid. In warm ben zone 
it is very readily soluble, but only sparingly in hot, and quito inso- 
luble in cold light petroleum. It readily dissolves in alcohol and 
chloroform. 

Dr. “Walker has kindly determined tho dissociation constant of 
this acid for us. He obtained the value K = 0*0302, which agreos 
closely with tho number K 0*0304 given by Auwers (Bar., 1895, 
28, 265). 
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Anhydride of Trimethylsucoinic acid . — In order to prepare this, 
4 grams of the acid were heated on a sand bath for six hours w ith 
excess of acetic anhydride in a small flask, into which a condensing 
tube was ground. The contents of the flask were then transferred to 
a small distilling flask, and after the excess of acetic anhydride had 
been distilled off under a pressure of 200 mm., the receiver was chang ed 
and the residual oil distilled over. As the colourless distillate still 
contained a small quantity of acetic anhydride, it was allowed to stand 
on a watch-glass in a vacuum over solid potash for two or three days ; 
beautiful colourless crystals gradually formed, which, after drying on 
a porous plate in a vacuum, melted sharply at 38*5°. On analysis , the 
following numbers were obtained corresponding with those requ ired 
for the anhydride of trimethylsuccinic acid. 

Calculated for 

Pound. C 7 H ie 0 3 . 


Carbon 58*79 59*15 per cent. 

Hydrogen...... 6*95 7*00 „ 


On dissolving a portion of the anhydride in a little hot hydrochloric 
acid, and allowing the solution to cool, it deposited white crystals of 
the original trimethylsuccinic acid melting at 150°. 

We may here remark that in his recent paper (j Ber. 9 1895, 28 , 
263), Auwers describes this anhydride as melting at 31°, which is also 
the same melting point as that observed by Helle ( [Inaug . Biss., Bonn, 
1893). Neither of these investigators appear to have obtained it quite 
pure. 

The results we have thus recorded show that the acid from the 
insoluble caloium salt is probably identical with the trimethylsuccinic 
acid described by Zelinsky as melting at 140 — 141°. It must also be 
the same as the acid described by Helle as melting at 131° and 
yielding a very insoluble calcium salt and an anhydride melting at 
31° ; and, lastly, the same as the acid recently described by Auwers as 
melting at 147 — 148°, and giving an anhydride melting at 31°. 

C. ci s-Dimeth ylgbi tario add , 

COOH*CH(CHs) *OH2*OH(CBi)*OOOH. 

We were at first inclined to think that this acid was the same sub- 
stance as the needles melting at nearly the same temperature (see (A) ). 
However, on mixin g as nearly as possible equal quantities of the two, 
end makin g a melting-point determination, we found that the mixture 
began to melt at 90°, and continued to do so until the thermometer 
rose to 105°; this showed that the two acids were different; 
we subsequently found that they yielded different compounds when 
treated with acetic anhydride, and, finally, that whereas the needles 
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♦contained nitrogen, the other substance did not. The acid appeared 
to have the same properties as the dimethylglutaric acid described by 
Zelinsky (JBer., 1889, 22, 2823) as melting at 128°, and the following 
analytical results boro out that conclusion. 

Calculated for 

Found. CyH^O^ 


Carbon 52*73 52*50 per cent. 

Hydrogen 7*55 7*55 „ 


It is moderately soluble in water, but almost insoluble in cold 
concentrated hydrochloric acid. In benzene it is rather soluble, 
but not so readily as the acid D ; it is insoluble in light petroleum, 
but readily soluble in alcohol and chloroform. 

Anhydride of cis-Dionethylglutaric add. — A. small quantity of the 
acid was heated with excess of acetic anhydride on a sand bath for 
three hours in a small reflux apparatus; the contents of the flask 
were then transferred to a small distilling flask, and the excess of 
acetic anhydride distilled off under reduced pressure (100 mm.). The 
receiver having then been changed, the pressure was further reduced 
to 40 mm., and the distillation continued, when the anhydride of cis- 
dimethylglutaric acid passed over at 180° to 185° as a colourless oil, 
which solidified on cooling. It was recrystallisod from acetic anhy- 
dride, and the crystals dried on a porous plate in a vacuum over solid 
potash. It melted sharply at 93*5°. On redissolving it in hot hydro- 
chloric acid and allowing the solution to cool, crystals of the original 
acid were deposited, which, on drying, melted at 128*5°. This indi- 
cates that the dimethylglutaric acid melting at 128° is the cis- modifi- 
cation. 

Dr. Walker kindly determined the dissociation constant of this 
acid and found K = 0*0056. 

D. The Acid melting at 105° to 107°. 

This acid is doubtless identical with the compound Zelinsky 
obtained by the same reaction as ourselves, and which ho found melted 
■at 100° to 101°, and had a dissociation constant K = 0*0063 (Bor., 1891, 
24, 459). He, however, still maintains that it is a trimethylsuccinic 
acid, whereas we shall Bhow that it must be a dimethylglutaric acid. 
We may here remark that it is exceedingly difficult to got this sub- 
stance quite free from the higher melting cis-dimethylglutario acid, 
and it does not usually melt quite sharply, but this is a point to 
which we shall have occasion to refer again. The acid is readily 
soluble in benzene, but much less so if a little light petroleum he 
added to the solution ; in light petroleum itself, it is almost insoluble. 
It is very soluble in water, but only sparingly in concentrated hydro- 
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chloric acid, it is, however, rather more soluble in this last named 
liquid than cis-dimethylglutaric acid. 

The acid on analysis gave the following numbers : — 

Calculated for 

Found. C7H10O4. 


Carbon 52*10 52*50 per cent. 

Hydrogen...... 7*34 7*50 „ 


The dissociation constant of this acid determined by Dr. Walker 
is K = 0*0057. 

Conversion into the Anhydride . — The acid was heated with excess 
of acetic anhydride in a reflux apparatus for four hours on a sand 
bath. The acetic anhydride was first removed by distillation under 
reduced pressure, and then the anhydride of dimethylglutaric acid 
passed over; it is a colourless oil, which solidified to a white mass 
on cooling, and, after recrystallisation from acetic anhydride, and 
drying on a porous plate in a vacuum over potash melted at 93 — 94°* 
The crystals, on analysis, gave the following numbers. 

Calculated for 

Found. C 7 H 10 O 3 . 


Carbon 59*13 59*15 per cent. 

Hydrogen 6*98 7*00 „ 


The anhydride was converted into the acid by dissolving it in hot 
concentrated hydrochloric acid, the solution on standing depositing 
white crystals melting at 128‘5°. 

Thus it will be seen that the two acids described under C and D, 
melting at 128*5° and 105 — 107° respectively, yield the same anhy- 
dride, melting at 93 — 94°, which with water yields the acid of 
higher melting point. There can therefore be no doubt but that 
Zelinsky is wrong in calling the acid (m. p. 100 — 101°) which he 
obtained a trimethylsuccinic acid. 

As stated in the] introduction to this paper, Auwers has recently 
published experiments calling in question the homogeneous character 
of this acid (iter., 1895, 28, 269). He regards it as a mixture in 
molecular proportion of the acid we have described as cis-dimethyl- 
glutaric acid, melting at 127°, and a new dimethylglutaric acid 
(trans-), melting at 140° to 141°. He separated these acids, either 
by means of their calcium salts or by treatment with acetyl chloride ; 
in the latter case the cis- acid present is readily converted into the 
anhydride in the cold, whereas the trans- acid is unchanged, acetyl 
chloride converting it into the anhydride only after continued heating 
of the mixture in a sealed tube. Up to the appearance of Auwers’ 
last paper, the authors never found anything which threw doubt 
upon the homogeneous nature of their 105° acid. It is true that it 
did not melt quite sharply, but this they always thought was due to 
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"the presence of a very small amount of the cis- acid, the last traces 
of which are very difficult to remove. The authors have done much 
work on this acid, which so far has yielded some very remarkable 
results, differing very materially from those recently published by 
Auwers ; probably when the latter publishes a more detailed account 
of his work the discrepancies between their results and his will be 
explained, but they are subjecting this acid to a thorough examina- 
tion, and must reserve the results for a future communication. 

Preparation of Trimethylsuccinie acid by Bischoff 1 s Reaction . 

Bischoff and Mintz (Ber., 1890, 23, 047), by the action of etbylic 
o-bromisobutyrate on the sodium compound of ethylic methylmalo- 
nate in alcoholic solution at 100°, and subsequent hydrolysis of the 
ethereal salt produced, obtained as principal product an acid melt- 
ing at 105°; this they at first described as trimethylsuccinie 
acid, but afterwards came to the conclusion that it was a 
dimetkylglutaric acid. A little later Bischoff (Z?e?\, 1891, 24, 
1041) found that by conducting the reaction in xylene solution 
at 180° he obtained, besides this dimethylglutaric acid, a tri- 
methylsnccinic acid melting at 139 '5°. Helle ( Inaitg . Dm., Bonn, 
1893), on repeating this synthesis, obtained an acid melting at 
131°, and yielding an anhydride melting at 31°. He also found 
the same add was formed by the dry distillation of camphoronie 
acid. The question at once arises are these acids, prepared by 
Bischoff and Helle, identical with the triraethylHuecinic we have 
described already, and if not, are they trimethylsuccinie acids at all P 
To decide this point, we repeated their work, and found that one of 
tho acids formed melted at 151°, and was in all respects identical 
with the trimethylsuccinie acid we prepared by Zelinsky’s method. 

Interaction of Ethylic a-jBromiwbi tty rate and Ethylic Sodiometkyl- 
malonate in Xylene Solution at 180°. — One hundred and three grams of 
etbylic methylmalonate were dissolved in 150 c.c. of xyloue contained 
in a round-bottomed flask, and 18"8 grams of sodium in tho form of 
wire added in two portions. The sodium gradually dissolved in the 
cold, but much moro rapidly if tho flask was gently wanned on a 
sand bath, and at the same time the sodium compound of ethylic 
methylmalonate separated as a brownish, pasty mass. As soon as 
the sodium had completely disappeared, the flask was cooled, 
106 grams of ethylic o-bromisobutyrate were carefully added, and 
tho whole boiled in a reflux apparatus in an oil bath for two days- 
As soon as the mixture had acquired a neutral reaction, it was poured 
into water, and the oily layer which separated mixed with ether ; the 
•ethereal solution, washed first with dilute sodium carbonate solution 
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and then -with water, was dried over calcium chloride, and the ethor dis- 
tilled off. The residue was now distilled under a pressure of 45 mm., 
when, between 90° and 100°, a large quantity of xylene came over, 
and then between 140° and 155°, some 20 grams of oil, mostly 
unchanged ethylic methylmalonate. The receiver was now changed, 
and thefractionation continued j the temperature rose somewhat rapidly 
to 170°, and from this point very slowly to 200°, most of the oil, how- 
ever, seemed to distil over at two temperatures, namely, 185° and 
between 195° and 200°. The fraction passing over between 170° and 
200° amounted to about 55 grams, and about 20 grams of a residue 
of higher boiling point was left in the retort. 

Hydrolysis of the Oil boiling between 140° and 200°. — The two frac- 
tions obtained above, boiling at 140 — 155° and 155—200° respect- 
ively, were nnited and added to 90 grams of potassium hydroxide 
dissolved in alcohol. The mixture was then heated in a reflux 
apparatus for six hours on a water bath, during which time a quan- 
tity of potassium salts separated. The contents of the flask were 
then poured into water, and after the solution had been evaporated 
in a large basin on the water bath until all the alcohol had volatilised, 
the liquid was acidified with hydrochloric acid, and the acids extracted 
by repeatedly shaking with pure ether. The ethereal solution was 
dried over calcium chloride, the ether distilled off, and the residual oil 
heated at 200° until all evolution of carbonic acid had ceased. Ou 
distilling the thick oily residue under a pressure of 30 mm., a 
considerable portion, A, passed over between 130° and 200°, the 
thermometer rising steadily all the time ; this contained a good deal 
of propionic acid. The receiver was changed at 200°, and the oil, 
J3, passing over between 200° and 250°, was collected; these two 
fractions were then worked up separately. 

Fraction A (130 — 200°). — This smelt strongly of propionic acid, 
but on adding dilute ammonia in excess a largo amount of oil 
remained undissolved in the cold, although on boiling everything 
went into solution. The liquid was then diluted and boiled with 
animal charcoal, filtered, and to the filtrate, which was pale yellow, a 
solution of 30 grams of calcium chloride was added. On boiling the 
liquid on a sand bath, a large quantity of an insoluble calcium salt 
separated, which was collected with the aid of the pump. The filtrate 
contained the more soluble calcium salt of an acid melting at 
104—107°. 

Fraction B (200 — 250°).— This was treated in exactly the same 
way as A, but only a very small quantity of the insoluble calcium salt 
was obtained, ibis fiaction largely consisting of the acid of lower 
melting point. 

Decomposition of the Insoluble Calcium Balt . — The calcium salt, 
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dissolved in excess of hot and strong hydrochloric acid, yielded 
colourless crystals on cooling, which, after being separaied from the 
mother liquor and dried, melted at L40 — 148°. The acid was purified 
by redissolving it in ammonia, reprecipitating as calcium salt, and 
decomposing this with hot hydrochloric acid, Ac. In this way the 
acid was obtained as a colourless, crystalline powder, melting at 150° ; 
on recrystallisation from hydrochloric acid its melting point rose to 
151°. 

The acid gave the following numbers on analysis. 

Calculated for 

Pound. C 7 H 13 0 4 . 


Carbon 52*41 52*50 per cent. 

Hydrogen 7*72 7*50 „ 


It was in every respect identical with the trimethylsuccinic acid 
prepared by Zelinsky’s method, melting at 152°. 

Owens College Chemical Laboratory , 

Manchester . 


XLVIL — Contributions to the Chemistry of Cellulose. 

By C. F. Cross, E. J. Bevan, and C. Beajole. 

In a monograph recently published, we have undertaken the task of 
setting out, under a definite scheme of classification, the properties, 
and also the reactions of synthesis and decomposition of tho cellu- 
loses and compound celluloses. The work of the last 15 years, in 
which many have been engaged, has resulted in a formidable accu- 
mulation of experimental matter. The numerous contributions to the 
subject are necessarily wanting in cohesion to those who follow it 
with only a general interest, for the obvious roason that cellulose is 
not investigated under tho loading of a dominant theory; in this 
respect, it presents a marked contrast to tho group of simpler carbo- 
hydrates, to which, on the other hand, it has a fundamental and long- 
recognised relationship. The constitutional problems presented by 
this group have been elucidated by recent classical investigations, 
and their solution carries with it an important advance of the 
general theory. The chemistry of cellulose lacking these features of 
attractiveness has therefore but a limited claim on the attention of 
students of theory, although it has other claims which arc fully 
admitted, and in its later developments may bo expected to con- 
tribute to the general advance of tho science. From these points of 
view, present and prospective, it was thought opportune to attempt 
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a systematic resume of the subject matter, first, to give it the cohe- 
rence which naturally follows from a systematic classification based 
upon well-established lines, and secondly, to clear the way for the 
elucidation of the special constitutional problems connected with it. 

We may, perhaps, be allowed a personal “ apology ” in reference' 
to this work. We are aware that in many oE our publications on 
this subject, we have been found wanting in method and lucidity. 
With no desire to elude the force of these criticisms, we plead that 
we have never felt justified in overloading special communications 
with such details as are, perhaps, required for the complete elucida- 
tion of the problems involved but may more properly bo given in an 
independent publication. We still are of opinion that particular con- 
tributions to this subject must assume a knowledge of previous publi- 
cations : and in wbat follows we proceed upon the basis formulated 
in our recently published monograph. 

The problem of the constitution of the typical ^cellulose is being 
opened out in certain definite directions which may be briefly noted. 

I. Hydrolysis . — In resistance to hydrolysis, cellulose stands in 
marked contrast to starch. The difference in their behaviour on 
treatment with dilute acids and alkalis need not be enlarged upon. 
The tbiocarbonate reaction of cellulose, with its preliminary conver- 
sion into alkali cellulose, followed by treatment with carbon bisul- 
phide, dissolution, and the varied treatment to which it is subjected 
for the regeneration of the cellulose, is unattended by conversion 
into soluble products. The yields of regenerated cellulose are 
quantitative, and the composition of the product indicates only 
fractional hydration, that is, from O 6 H 10 Os to 4C 6 Hi 0 O fi ,H 2 O. 
With starch, we have been unable to effect this reaction; and 
although there are certain points of resemblance to cellulose in its 
behaviour with alkalis, the product (alkali starch) differs from alkali 
cellulose in this important particular ; moreover, the starch molecule 
is considerably broken down (hydrolysed) by prolonged contact with 
alkali and water. 

In regai*d to acid hydrolysis, the recent systematic study by 
A. L, Stem (this vol., 74) of the interaction of cellulose and concen- 
trated sulphuric acid emphasises au important point. The conver- 
sion into the disnlphuric ester formed as the first product oE the 
action is not attended with liberation of CO-groups. Further, the 
subsequent hydrolysis of the product by boiling (with 2 — 3 per cent. 
H 2 SO*) may be pushed to a very considerable length without any 
hydrolysis of this character taking place. Therefore, although 

# By the “typical cellulose” is to be understood the substance of a normal 
bleached cotton, and tko same applies to the term “ cellulose” wherever employe l, 
in this paper, without qualification. 
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cellulose is ultimately hydrolysed to dextrose by this process, the 
intermediate stages of the dissection show that the cellulose struc- 
ture is very different from that of starch. Cellulose, in fact, is not a 
polyaldose or aldosan of the starch type, and its structure cannot be 
explained by simple carbonyl linking. 

We have long been impressed with this distinction of configura- 
tion, and therefore have by preference followed up those synthetical 
reactions which are best calculated to bring out the distinctive 
behaviour of cellulose. These have disclosed a well marked differ- 
entiation in function of its OH-groups, the result being a further 
widening in the constitutional gap between cellulose and starch. As 
bearing on this point, we may instance the results of the further 
study of 

II. The Esters of Cellulose . — It is obvious that a complete investi- 
gation of cellulose in regard to the number and functions of its 
OH-groups must solve in general terms the constitutional problem. 
For a long time, the view prevailed that the unit formula should bo 
written C<,H 7 O a (OH)3, the highest known esters being the trinitrate 
and triacetate. In regard to the nitrates, it was obvious that they 
were formed without the molecular weight of the parent complex 
being affected; this conclusion might fairly be drawn, for example, 
from the external features of the original fibre remaining unchanged. 
The recent achievements in the spinning of these nitrates In con- 
tinuous threads, followed by the process of denitration of these 
threads, without affecting their physical properties (lustre and con- 
tinuity or tensile strength), furnish conclusive evidence of the per- 
sistence of the cellulose configuration. But the evidenco to bo drawn 
from these alcoholic nitrates is not conclusive as to the maximum 
number of OH-groups in the original molecule. 

We therefore made a further investigation of the acotatos, and 
succeeded in obtaining — by Franohimont’s method of acetylation — 
products having the composition of tetraeetafces, and, in some cases, 
of pentacotatos of the unit group, CJI10O5. The formation of the 
former could be interpreted as a simple process of acetylation of the 
group «[C«HeO(OH)4], but, in the case of the penfcacobate, tho cellu- 
lose coftjLplox must undergo hydrolysis. Wo attompted to solve the 
point by molecular weight determinations of the acetates by Baoult’s 
method, but the results were anomalous, and no conclusions could be 
drawn from them, save that} these esters, when dissolved in acetic 
acid, appeared to undergo dissociation into unit groups of much 
smaller dimensions. 

The ^ investigation was reopened with the observation that the 
cellulose regenerated from the thiocarbonate reacted directly with 
acetic anhydride at its boiling point ; under these conditions as there 
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■was no hydrolytic agent present, such as 7inc chloride, the acetylation 
may be assumed to be of a simple character. The acetates thus pre- 
pared were repeatedly analysed, and the numbers obtained again 
showed the formation of a tetraceiatc, CflH 6 0 ( 0 Ac) 4 . 

A s this method of acetylation was somewhat tedious, requiring 
prolonged digestion with the anhydride, we took advantage of the 
greater activity of the cellulose in this form, and devised a method 
of acetylation which could be cairied out at low temperaturos ; this 
throws further light not only on this particular process, hut gener- 
ally on the functions of the OH-groups in cellulose. The regene- 
rated cellulose (hydrate;, after washing, is mixed with an equivalent 
of zinc acetate in concentrated aqueous solution, and the mixture 
dried first on a water hath, and finally at 105°. The cellulose, in 
presence of zinc acetate, reacts with acetyl chloride at 30°, and the 
higher acetates are directly formed. In the analysis of the products 
of this action, we were able to arrive at a definite criterion as 
between the tetracetate and acetates containing a still higher pro- 
portion of acetyl. The acetates were prepared for analysis in the 
state of films of yj-s to -fa mm. in thickness. It was found, on 
saponification, that the products showed the following differences. 

HigJiei Ace tat eb . — The films were disintegrated by the alkali, and? 
the products of hydrolysis reduced Fehling’s solution. 

Lower Acetates . — The cellulose obtained, on saponification, retained 
the form of a transparent continuous film, and the alkaline solutions 
were entirely without reducing action (on CuO). It appears, therc- 
foie, that cellulose can be acetylated up to the state of tetracetate 
without hydrolysis, at least such as gives rise to the liberation of 
CO-groups ; in other words, the special configuration of cellulose is 
maintained when 4011-groups are replaced by negative radicles. 

If, therefore, the unit-group of cellulose is foimulafcod as C 6 H 6 0 ( 0 H) 4 , 
and the remaining oxygen atom is present ab CO, it is impossible to 
represent the cellulose complex as a polyaldose. In the absence of 
further evidence wo should be limited to speculative views as to tho 
typo of OO-condensation characteristic of tho celluloses ; our investi- 
gations, however, have broken ground in a now direction, and the 
results obtained may be briefly noticed for their bearing on tho con- 
stitutional problem. 

III. Electrochemical Phenomena of Cellulose . — In many of its reac- 
tions, cellulose presents the characteristics of a salt ; for instance, the* 
fact that it dissolves in zinc chloiide solution admits of no other 
explanation than as being the result of a simultaneous and reciprocal 
inteiaction of the acid and basic groups of the two substances. Tho 
piocess of acetylation above described, namely, treating the cellulose 
with zinc acetate and exposing the mixture to tho action of acetyl 
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chloride, is only to be explained as the result of a species of double- 
salt combination between the cellulose and the zinc acetate. The 
whole range of dyeing phenomena critically illustrates this species of 
activity not only of the celluloses but also of the other organic colloids 
such as silk, wool, gelatin, &c. In development of this view, we 
have recently investigated the behaviour of cellulose as an insulator 
or transmitter of the electric current. On comparing the various 
celluloses in the air-dried condition, we found that their insulating 
powers were approximately in inverse proportion to the percentages of 
hygroscopic moisture. On moistening the celluloses with water, the 
current was transmitted, and from the phenomena to be described, 
the condactivity appears to result from a definite but partial electro- 
lysis of the cellulose molecules. 

On moistening Swedish filter-paper and placing it between two 
metallic surfaces acting as terminals of a battery, the current is com- 
pleted through the paper, the metal of the positive conductor is 
attacked, carried forward in the direction of the current, and 
deposited in the paper in combination with the cellulose. The 
phenomena are perhaps most characteristic in the case of silver, and 
to convey a more definite impression of what takes place we will 
describe an actual experiment. A small battery, giving a current of 
1/50 Ampere with a difference of potential between the terminals of 
4—6 volts, is connected with a silver plate (4-) which may, for 
instance, carry a design in sharp lines in relief, whilst the negative is 
connected with a plate of any other metal — copper, for example. 
Swedish paper just moistened with water (retaining 40 — 50 per cent, of 
its weight) is laid on the copper, and the silver terminal (+) is laid 
upon it with slight pressure for a period of 1 — 3 seconds. With 
short contact, the silver is deposited as a silver compound, and on 
plunging the paper into a reducing solution the design is developed 
in deep black lines of metallic silver. With longer contact, tho 
design is brown (silver oxide), and rapidly disappears on treatment 
with diluto acetic acid. On reversing the current, tho contact being 
maintained, this brown stain is rapidly converted into tho black of 
metallic silver as the result of secondary electrolysis. 

A considerable range of these phenomena has been investigated, 
and will be described in the experimental portion of this paper. Tho 
results appear to bo most simply interpreted as following from a 
partial breaking down of the cellulose aggregateinpresence of water. 
Assuming that in the molecule the OH-groups in proximity to the 
OO-groups are negative in function, and the corresponding basicity 
of the remaining OH-groups is conditioned by proximity to a OH a - 
group, it is not very surprising that tho molecule should respond to 
the special influence of the electric current xnuoh in the same way as 
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a salt. Tlie attack on the positive terminal would ho on this view a 
direct action of the negative OH-groups of the cellulose itself, and 
this, after considerable investigation, appears to be the most reason- 
able explanation. If this view be accepted, or rather proved beyond 
doubt, it may be applied in various directions to account for many 
other special reactions of the carbohydrates, for they all appear to 
share with cellulose this tendency to a species of electrolytic strain 
and decomposition. In the simpler carbohydrates, the tendency to 
migration of the oxygen and hydrogen within the molecule is seen in 
the numerous decompositions attended by rupture of the carbou 
nucleus, which are determined by hydrolytic agencies, such as fer- 
mentation, resolutions by dilute acids and alkalis, with production of 
add bodies on the one hand, and on the other of compounds propor- 
tionately less rich in oxygen. This species of polarity is undoubtedly 
a general characteristic of the carbohydrates, and certainly persists 
in the complex aggregates of such molecules of which the celluloses 
are built up. In the latter, however, the property is modified by 
their special configuration, so that, unlike those lower in the series, 
they strongly resist disintegration; at the same time, however, they 
respond to electrolytic action in the way above described, and this 
property must be taken into account in a comprehensive view of the 
constitution of the celluloses in regard to their chemical activity, 
and especially in those reactions which underlie their functions in 
organised tissues. 

This brief statement of such evidence as we have, leads us to the 
following conclusions as to the constitution of the typical cellulose 
(1) It is differentiated in the most marked way from starch; it 
has the characteristics of a homogeneous compound rather than an. 
aggrogate of aldoso groups united by O-linking of the least resistant 
type. (2) Since it forms derivatives of the general formula 
^[O 0 H«O(On)*] without loss of any of the essential character- 
istics of cellulos© compounds, it is probable that the synthesis of the 
individual C ft - groups takes place by carbon and not by oxygon link- 
big. This hypothesis is also consistent with the observation that the 
cellulose aggregate may be considerably resolved without liberation 
of 00-groups. (3) The reactions of cellulose cannot at present be 
generally expressed by any constitutional formula. It may be noted, 
however, as definitely established that of the four OH-groups in the 
Os-unit two are basic and two acidic, as indicated by the following 
characteristic reactions. 

(a) With acid hydroxyls : Formation of alkali-cellulose, 
[CeH I0 O5,2NaOH], 

and subsequent reactions with carbon bisulphide (xanthate) and with 
benzoic chloride (dibenzoates). (&) With basic hydroxyls: Forma- 
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tion of disulphuric esters. The reactions of cellulose therefore in 
many directions arc those characteristic of salts or ethers. 

(4) The celluloses in presence of water, like other colloids, show 
the property of conducting the electric current, sustaining an electro- 
lytic strain, or partial electrolysis. In consequence of this strain, 
its OH-gronps are brought into a state of reactivity. 

The above discussion relates, as stated, to the typical (cotton) cellu- 
lose in the condition of bleached and purified fibre. 

Progress has been made in the classification of the celluloses, and 
the cellulose group may now be divided as follows. 

1. Celluloses resisting hydrolysis (chiefly fibrous celluloses). 

2. Celluloses easily hydrolysed (chiefly cellular celluloses). 

Group 1 is divisible into three sub-groups having the following 
characteristics : — Greater or less resistance to hydrolysis and oxida- 
tion, ratio of carbon to oxygen, and proportion of furfural which 
they yield on treatment with acids. 



* Cotton sub-group. 
A. 

Wood cellulose sub- 
group. 

B. 

Cereal cellulose sub- 
group. 

C. 

1 i 

iw ........ 

Cotton 

Jute cellulose ...... 

Straw cellulose. 

41—42 

53-0 

12*0—15 -0 
Considerable reactivity 
ot CO-groups. Red 
reaction with aniline 
salts. Considerably 
hydrolysed by xan- 
thate process. 

Percentage -J q 

Furfural 

Other charac- 
teristics 

44 *0—44 *6 

50*0 

0*1-0 -4 

No active CO-groups. 
Quantitative rege- 
neration from solu- 
tion as xanthate. 

43*0-43-5 

Cl *0 

3*0— 5*0 

Some free CO-groups. 
Partly hydrolysed 
by xanthate process 


Group 2 comprises celluloses of the starch type of aggregation 
easily hydrolysed to liexoses and pentoses, and tanned Ilemieellu- 
loses (Schultze). 

This classification is at this date sufficiently comprehensive and 
distinctive to embrace and differentiate the experimental material to 
hand. It also indicates as an immediate object of research the deter- 
mination of the functions and mode of union of the O-atoms in the 
unit group of the cereal celluloses. Theso compounds are pronounced 
fnrfurose derivatives. They have a higher 0 : 0 ratio than the 
hexoscs or their anhy dro- derivative fs , and their empirical composition 
is more nearly that of the pentoses or pentosans, which it has been 
stated they contain. They yield furfural, however, in much smaller 

* It will he understood, of course, that the celluloses here classified are con- 
sidered as isolated by the standard processes of purification from the raw materials 
as they occur in the ** natural ,J world. 
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proportion than the latter group, and the yield is largely reduced as a 
result o£ deoxidising treatment (infra). The alternative is the probable 
presence of COO-gvoaps or of dikotohcxano derivatives. Express- 
ing this alternative view in general terms, they are oxycolluloses, 
resulting either from oxidation of normal celluloses after their 
elaboration by the plant, or from the elaboration of oxidation products 
of the hexoses into cellulosic complexes. These considerations open 
out in definite terms a fundamental problem of plant physiology, that 
is, whether the reduction of GO z is terminated in all casos by the 
synthesis of hexoses, or whether, assuming that the plant always 
proceeds to the elaboration of its permanent tissae by way of aldoses, 
the tissue substance (cellulose) is afterwards oxidised as an incident 
of the general functions of the stem or leaf. This problem of 
elaboration in relation to the furfuroses or furfarosans of plant 
tissues could not bo expressed in the above terms so long as it 
appeared probable that the pentoses were direct products of assimila- 
tion. The extended researches of De Chalmot (Amur. Ohem. Jour., 
15, 16) have, however, negatived this view of their origin. They 
are products of metabolism, and no doubt derived from the hexoses 
as secondary products formed by a process of limited oxi dation. A 
part of our investigation has boeu devoted to tho farther elucidation 
of this problem, and the evidence goes to show (1) that oxidised 
derivatives of the hexoses may be and are elaborated into permanent 
tissue (cellulose), and (2) that the tissue celluloses are further- 
oxidised as an incident of their normal functions. It is clear, of 
course, that assimilation is accompanied by processes of seve re oxida- 
tion, and it is more in accordance with modern views to regard these 
oxidised products — such as oxalic and tartaric acids — as formed by 
the destructive oxidation of products of assimilation rather than as 
intermediate and direct products of deoxidation of carbonic acid. The 
only objection to extending this view to tho celluloses of plan is is the 
a priori consideration of general economy, which would load us perhaps 
to regard the fundamental tissue as permanent and protected from 
destructive oxidation. It should be remembered, however, that the 
conversion of tho celluloses into oxycelluloses is not necessarily a 
process of destructive oxidation. Even in laboratory processes of 
oxidation, by chromic acid and by hypochlorites, for example, the 
celluloses preservo their essential characteristics, and the fixa tion of 
oxygen is not accompanied by fundamental molecular chang es. It 
would not be difficult, further, to account for suck oxidations of the 
permanent tissues of cereals. The universal distribution of nitrates 
in the growing tissues is in itself an index of the occurrence of 
oxidising processes in which they are directly, concerned, apart from 
oxidations by active oxygen in its various forms. And to pu t the 
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matter still more generally, it appears from the evidence accumu- 
lated that the throe important directions of modification of cellulose 
in the plant, namely, lignification, suberisation, and “ pectification ” 
are all determined by oxidising actions. Tlie products of the first 
two are characterised by the presence of furfuroids, which, as already 
stated, must be regarded as derived from the hexosos, and the last 
contain the pectic compounds which are acid in character, and have 
a much higher 0 : CH 2 ratio than the carbohydrates. The constitu- 
tion of these products, moreover, indicates a union of the products of 
•oxidation with the alcoholic groups of unaltered cellulose ; they are, 
in fact, cellulose esters, and the formation of such derivatives has an 
obvious physiological significance, modifying both the chemical and 
physical properties of the tissues in accordance with the specialisation 
of function and the varying requirements of the plant in relation to 
both internal and external influences. 

In addition to those more general directions of investigation, special 
points have been worked at from an empirical point of view. Thus 
it was of interest to throw more light on the mechanism of the pro- 
duction of furfural from the pentoses and oxy-hexoses. In their 
characteristic decomposition volatile acids are formed, and we have 
made careful observations to determine (1) whether they are formed 
in any constant relation to the furfural, and (2) the composition of 
these acids produced from various fibrous products, under varying 
conditions. We find that these acids are generally mixtures of 
formic and acetic acids, the former predominating in most cases. In 
the cereal straws, on the other hand, acetic acid is the main product. 
These products are formed, under certain conditions, in constant rela- 
tionship to the furfural, whilst in others they appear to result from 
an independent and parallel decomposition of the parent substance. 

Experimental Portion. 

Cellulose in Relation to Hydrolysis and Hydration. 

No reactions of cellulose hitherto studied have thrown so much 
light on the problems involved iu the subject of this section, as those 
by which it can bo converted into xanthate and reconverted into 
cellulose (Trans., 1893, 63, 837). The experiments about to bo 
•described establish the following points. 

I. Celluloses of the cotton group pass through the cycle of changes 
without undergoing hydrolysis to form soluble derivatives. 

II. Celluloses of the other two groups (p. 439) are partially hydro- 
lysed. The composition of the regenerated cellulose is different from 
that of the original cellulose, chiefly in respect of the proportion of 
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furfural yielding groups; this in the case of the cereal celluloses 
being reduced by about five-sixths The yield of furfural in the 
remaining soluble portions is also so far 1 educed that the total 
reduction amounts in the aggregate to 50 per cent. 

III. The compound celluloses are only puatially resolved by the 
thiocarbonate reaction. The woods may be takon as resisting 
altogether: the lignocollu loses of annuals arc attacked ni a remark- 
able way, swelling up to an enormous extent vv itb water, but dissolving 
only to the extent of 30 — 50 per cent. The pectocolluloses (flax, &c.) 
are largely converted into soluble derivatives (alkali-peetatos and 
cellulose-vanthate) ; complex structures are, of eoui*se, attacked in 
various ways, the straws of cereals and esparto giving from 50 — 60 
per cent, of soluble derivatives. 

IV. With regard to hydration : the celluloso-xanthates, on decom- 
position, yield hydrates of remarkable propeitios. A 1 per cont jolly 
of the regenerated cellulose has the consistency of n jolly containing 
5 per cent, of gelatin ; even at a concentration of 0*25 per cent, cellu- 
lose there is a distinct appearance of gelatinisation in the solution. 

The 10 per cent, coagulum of regenerated cellulose (hydrate) has 
a consistency enabling it to be worked freely with iho knifo. When 
cut into slabs and exposed to pressure between layers of absorbent 
material, it is entirely dehydrated, the sheets from the press showing 
no further loss of water on exposure to the air ; this air-dried cellulose 
retains 10 per cent of “ hygroscopic 99 moisture. Tho loss of moisture 
on heating takes place in a manner somewhat different from that of 
the fibrous-celluloses. In its anhydrous condition (dried at 105°), it 
may be considered as having tho composition 4 CoH 10 05 ,H 3 0 . 

The numerical results were as follows. 

1. Specimens of Swedish filtering paper wore convoluted into 
alkali-cellulose, and then into xanthato. Tho xanthate solutions 
were diluted to 5 per cent, strength (cellulose). From two specimens, 
tho cellulose was regenerated without further treatment, (a) by 
spontaneous decomposition at 15°— 18°, (ft) by moie rapid gela- 
tinisation at 60°. To another specimen (c), sulphurous acid was 
added in tho proportion of one-tliii d tho equivalent of ihe alkali 
present. This treatment gives a colourless solution of tho cellulose 
compound, and, on standing, a colouilcss jolly of regenerated 
cellulose. 

Tho cellulose, separated as above, was exhaustively purified from 
alkaline bye-prodnots, and from residues of sulphur compounds by 
treatment with hypochlorite solution (KTaOOl). It was then dried 
at the ordinary temperature for some days, finally at 105°, and 
weighed. 
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Weight of original 
cellulose. 


Weight of regenerated 
cellulose. 


(a.) 1*7335 17480 

(b.) 1*7415 17560 

(c.) 1*8030 1*8350 

Those results indicate a gain in weight of 1*1 per cent. Prom the 
formula 4C 6 Hio0 6 ,H A 0, which expresses the' results of analyses of 
the pro duct, the calculated increase should be 2*7 per cent. The differ- 
ence expresses a slight hydrolysis to soluble products, which no doubt 
falls on the oxy cellulose present even in these purest forms of the 
normal fibre-celluloses. They result from the bleaching processes to 
kich the raw materials have been subjected, and their presence is 
indicated by a small yield of furfural (0*2 — 0*4 per cent.) obtained on 
boiling with dilute hydrochloric acid (sp. gr. 1*06). The normal 
celluloses may, therefore, be said to be quantitatively regenerated 
from the thiocarbonate solutions. 

2* Various colluloses of groups B and C (p. 439) were dissolved as 
xanthates. The solutions were allowed to decompose spontaneously, 
and the regenerated celluloses purified from bye-products. These 
celluloses were examined for furfural-yielding groups, which were 
found to be present in greatly diminished proportions. The following 
typical results may be cited. 

Eurfural from Puifural from 

original cellulose. regenerated cellulose. 
Cellulose from Pinus (Group B) . . 5*5 2*0 

„ „ Esparto ( „ 0) - . 13*5 5*0 


It seemed probable, however, that the furfural -yi elding groups, in 
tho process of conversion into xanthates, undergo hydrolysis forming 
soluble derivatives; this was found to be the case. The above 
results, therofore, do not complete tho statistics of the reaction. The 
following quantitative study of esparto-cellulose in relation to the 
thiocarbonate reaction, shows conclusively (a) that tho furfuroids 
of these iL natural oxycclluloscs ” arc hydrolysed to soluble derivatives ; 
(b) that they undergo changes — probably deoxidation — which result 
in a considerable diminution in the yield of fuifural. 

Esparto cellulose (100) 
dissolved ob ^anlliato grves on decomposition 

r \ ^ 

Insoluble cellulose (80), Soluble derivatives (20), 

yielding furfural =2*0 per cent, yielding furfural = 26*2 per cent* 
Prom these numbers it will be seen that the furfural aggregate is 

® = 6*84 per cent., calculated on the original 

cellulose; whereas the cellulose in its original state was found to 
yield 13*6 per cent., a diminution of 50 per cent. 
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These results confirm the previous observations of our assista nt, 
‘Mi'. 0. Smith, that the furfuroids of these gramineous celluloses are 
attacked by deoxidising agents (Trans , 1804, 65, 1*72), and arc thereto re 
probably oxyhexobos, and not, or only in part, pentosans (see infra). 

3. Various compound celluloses were also studied in relation to 
ibis reaction as follows. 

Lignocelluloses . — (a.) Woods — Pino and beech, in fine shavings, 
wore heated with excess of 15 per cent, solution of sodium hydroxide 
*(NaOH), well drained and exposed to carbon bisulphide for various 
periods, extending to several days. The results may be taken as 
substantially negative ; the characteristic xanthate reaction was in no 
case obtained. 

(6.) Jute . — The fibre was prepared by a previous treatment with a 
strong solution of sodium hydroxide (12 per cent. ITaOH) in the cold, 
washing, and drying. 

The following results are typical. 

10 grams of purified fibre, treated with excess of a 15 per cent, 
■solution of sodium hydroxide, drained, and exposed during 24 hours 
to the action of carbon bisulphide (5 grams). On treating the pro- 
duct with water, the fibre swells to a jelly occupying 50 — 60 times 
the volume of the original. The jelly was separated from products 
actually in solution by considerably diluting it, and tbe dissol veil 
products were precipitated by adding zinc acetate in excess. The 
precipitated zinc compounds, after washing, were treated with dilute 
hydrochloric acid. The final results were. 

Fibre undissolved 73 65 per cent. 

Products dissolved ........ 25*60 „ 

The dissolved products were found to yield 0*118 gram furfnral or 
1*2 per cent, on the original. The “ furfuroids ” were entirely pre- 
cipitated by the zinc salt, the filtrate from the precipitate of zinc 
compounds yielding no furfural on evaporating to dryness and dis- 
tilling the residue with hydrochloric acid. 

The residual fibre, left undissolved in the original treatment, 
yielded 4*1 per cent, of furfural. It is evident that the furfuroids of 
the fibre are affected by the process, the “ total furfural” being 
reduced by 50 per cent. 

Furfural from Furfural from products of 

original jute. tbiocarbonate reaction. 

8 '5 per coni. Insoluble. Soluble. 

3*0 1*2 

Total calculated on original fibre = 4 *2 per vent. 

The result is similar to that obtained with the celluloses of the 
graminese (p. 443). 
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Cnticular Celluloses . — A specimen of raphia — which consisted of 
the epidermis of leaves of the JRajpMa E . — was treated with a 15 per 
cent, solution of sodium hydroxide, and afterwards with carbon bisul- 
phide. The statistical results of the reaction were as follows. 

Undissolved 60 per cent. 

Dissolved and reprocipitated by acids 12 „ 

Dissolved and not reprecipitated by acids .... 28 „ 

100 

These results indicate a direction in which the thiocarbonate 
reaction will be available for solving constitutional problems. In the 
pure celluloses, the alcoholic OH-groups predominate, and the conver- 
sion into soluble xanthate is complete. The compound celluloses, on 
the other hand, have more of the character of esters \ the non- 
‘Cellulose groups of the lignocelluloses, for example, have well-marked 
phenolic and quinonic characteristics, and their more acid OH-groups 
have combined with the alcoholic OH-groups of the original and 
unmodified cellulose groups. This union, the conditions of the 
xanthate reaction are unablo to resolve, and the result affords a 
further proof that these natural products are not to be regarded as 
mixtures of celluloses and so-called encrusting matters (non- 
cellulose). 

The hydration and dehyration of cellulose are characteristic features 
of the thiocarbonate reaction. The following observations on a solu- 
tion of cellulose xanthate are typical. The solution which contained 
5 per cent, of cellulose, was kept in a stoppered cylinder at the 
ordinary temperature of the air : 


Coagulation. ..... 

Tim© 
in dayB. 

8th day 

Yol. of cellulose 
hydrate. 

100 c.c. 

Diff . from 100 e c. 
— vol. expressed. 

First appearance of 1 
liquid J 

[litt „ 

100 „ 

— 

Gradual shrinkage 

fl6th „ 
20th „ 

98-0 „ 

83-5 „ 

2’0 c.c. 
16*8 „ 

of hydrate with 

1 25th „ 

72 0 „ 

28*0 „ 

expression of < 

1 80th 

58-0 „ 

42-0 „ 

water 

i 40th „ 

42-8 „ 

57'2 „ 


l50th „ 

38-0 „ 

Cl-5 „ 


The shrinkage of a coagulum of cellulose (hydrate) containing 
-5 to 10 per cent., is gradual and uniform ; at 10 — 12 per cent, there 
is a retardation of the shrinkage ; and the 12 — 15 per cent, coagulum 
may be considered as a hydrate permanent in a moist atmosphere. 
This product is endowed with considerable tenacity and elasticity ; 
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cubical blocks of 1 — 2 cwt. may be freely bandied in the ‘ rough and! 
tumble’ of industrial operations. The further treatment of this- 
hydrate for the final preparation of the “ air-dry ” celluloso is earned# 
out industrially as follows : 

(1.) These blocks, 24" x 18", are cut down with a guillotine 
knife into slabs, which aro washed to remove the alkali bye-products, 
(sodium carbonate, thiocarbonates, &c.), bleached, if necessary, by 
treatment with hypochlorites, and when thus purified are exposed 
to a pressure of 100 — 300 tons per square inch, between sheets ofi 
absorbent material (felts), the pressure being applied gradually. 
Under this pressure, the deliydiation of the cellulose is virtually 
complete, the final product being a translucent film of regenerated 
cellulose ; in the “ air dry ” condition, this cellulose retains 10 per cent, 
moisture, more or less, according to the temperature and dew-point 
of the surrounding atmosphere. A comparison of this film-cellulose 
with the original film-cellulose in regard to further loss of moisture 
on heating, established the following points : 

Heated at. Fibre-cellulose. Film-cellulose. 

90 — 100° Rapidly lost 6*8 per cent., Lost 8*6 per cent. 

then remained con- more slowly than 
stant. fibre cellulose. 

100 — 120 Further loss of 0*5 per- 

130—160 Further loss of 05 per ^irther gradual loss 

cent, (attended byslight of 3 ' 9 P er cent - 
decomposition). -J 

The substances woro heated in a current of carbonic anhydride, the 
moisture oxpcllod beiug collected in a calcium chloride absorption 
tube. 

Theso results aro typical of innumei*able observations made in the 
course of the industrial working of theso products, and cover the 
essential features of the hydration and dehydration of cellulose in tho 
complex of reactions presented by tho xanthate reaction. 

This hydi-ation-history of celluloRe has many analogies with the 
phenomena presented by the growing plant and tho history of 
elaboration of permanent tissue. We merely call attention to tho 
fact in order to draw the conclusion which it warrants, namely, that 
the progressive dehydration of the tissues which accompanies 
maturation depends in an important sense on the properties of the 
hydrates of cellulose, considered independently of the particular con- 
ditions of their association with the assemblage of products con-* 
stitating the living plant. 
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Acetylation of Cellulose. New Method. 

In examining the modification of cellnlose as obtained from its 
solutions as xanthato, we were early impressed with its greater 
chemical activity as manifested, for instance, by its reacting with 
acetic anhydride at the boiling point of the latter. The resulting 
solution of acetate has, however, such extraordinary viscosity tha t 
the action is considerably impeded when the proportions of liquid t o 
cellulose are less than 20 to 1 by weight. Even at this dilution tho 
action is difficult to control: prolonged boiling is necessary, and 
there are evidences of secondary changes which invalidate the con- 
clusions to bo drawn from the composition of the product. We 
found, however, that the acetylation could be reduced to a reaction 
of great simplicity as follows : — 

The regenerated cellulose (xanthate reaction) is thoroughly 
purified in the finely divided condition and mixed with zinc acetate 
in concentrated aqueous solution. The proportion of the latter to 
cellulose is that of the molecular ratio C b Hi 0 O 3 : 2ZnAc 2 . The mixture 
is evaporated down on the water-bath with continual stirring, and 
when dry it is reduced to a fine powder ; this is finally dehydrated 
by heating at 105 — 110° and is then gradually mixed in the cold with 
the equivalent of acetyl chloride : reaction ensues, the tempera- 
ture being kept below 35° by suitable means. The product is 
drenched with glacial acetic acid after being warmed to promote 
solution of the acetate and the bye-products, the viscous solution is 
pourod into water, and the gelatinous precipitate washed till free 
from zinc salts. It is then dried, the cellulose acetate dissolved in 
chloroform and the solution freed, by filtration or prolonged standing, 
from any unattacked cellulose; the product is finally isolated by 
evaporating tho solvent. When this is carried out ou a glass plate 
upon which an even layer of the solution is spread, tho product is 
obtained as a brilliant colourless film of considerable tenacity. 

When the precautions mentioned have boon duly observed, tbe 
product has all the characteristics of a simple acetate of an unresolved 
cellulose ; thus, on saponification, the cellulose is obtained as a “ con- 
tinuous ” film, and on boiling with aqueous alkali (NTaOH) and adding 
Eehling’s solution, there is no reduction of OuO, either in the solution 
■or on the film. 

In certain cases, however, the acetylising action is attended by 
local or general rise of temperature. The product in such cases has 
very different characteristics. It gives comparatively brittle films 
which become disintegrated on saponification; yellow soluble pro- 
ducts are obtained which reduce cupric oxide freely, and the 
regenerated “ cellulose ” has the properties of a hydro- or oxy-cellu- 
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lose also reducing cupric oxide. This differentiation of the products 
is confirmed by the lesults of analysis: the brittle product gives 
numbers corresponding with an acetato higher than the iciracetate, 
0 <,H g O(OAo) 4: the normal product gives numbers, both for saponifi- 
cation and yield of cellulose, in general concordance with the above 
formula. 

Before citing the analytical results, it is necessary to say a few 
words as to the methods employed. The most rapid and satisfactory 
process of saponification is that of boiling with normal sodium 
hydroxide diluted with its own volume of alcohol. The aoidimetric 
estimations were m some cases confirmed by distilling off the acetic 
acid and estimating it in the distillate. The residual cellulose is 
digested with dilute acid, well washed, dried and weighed. The 
following results are typical. 




Acetic acid. 

: 




Acidimetric 

estimation. 

Saponification 
and distillation. 

Cellulose. 

Products in coherent"' 

(1) 

72-4 


43- 6 

43'2 

44- 0 

60-0 

films. 

Cellulose regenerated 
of normal charac- 
teristics. ^ 

(2) 

73*1 

69 -2 

i (3) 

73-3 


(4) 

68-0 





Products giving brit-"' 
tie films. 

Cellulose in part hy- 

(1).. ...... 

81-2 

! 


1(2) 

80*3 81 *7 


32*0 

22-4 

drolysed on saponi- 
fication; products 
reducing CuQ. 

(3).. . 

82 -8 






The quantities calculated are for the formula — 

Acetic acid. Cellulose. 

CoHeO(OAc) 4 72*7 49*1 

It is, of course, impossible to formulate a more highly substituted 
cellulose derivative, and it is unnecessary to speculate as to tho 
relationship of the higher acetates to the lower, or to the original 
cellulose. On the main question, the evidence is distinct. Tho 
further resolution of the problem will be undertaken with very much 
larger supplies of the products, which will soon he available, as the 
industrial preparation of the products is in course of arrangement. 

By way of further elucidating the reaction of acetylation, and 
confirming the hypothesis on which the method was devised, other 
experiments were made. The most striking result was obtained with 
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a mixture of tlie regenerated cellulose and urea. The mixture was 
prepared as in the case of the zinc salt : 6 grams of the cellulose 
(calc, dry) were stirred into a concentrated aqueous solution of 
4 grams of urea, dried at 100°, and then dehydrated at 105 — 110°. 
This mixture reacted with the acetyl chloride similarly to the 
zinc acetate mixture, and satisfactory yields of the purified product 
v, ere obtained, namely, from 10 grams of the mixture (a) 4 grams, 
and ( b ) 5 grams of products. These were analysed, with the follow- 
ing results. 

Acetic acid (saponification). Cellulose. 


(а) 67*4 67*3 68*0 47*0 per cent. 

(б) 70*0 — 


The function of the urea in determining the action, we regard as 
similar to that of the zinc oxide, that is combining with the acid 
gioups of the cellulose molecule sufficiently to bring the alcohol OH- 
groups into freer play, and afterwards combining with the hydrogen 
chloride in the reaction. 

Other bases, such as ammonia and hydroxylamine, give similar, 
but inferior, results, the action being much more limited than in the 
case of urea. 

Some Electrolytic Phenomena, of Cellulose (Hydrates). 

Our observations began with an investigation of the insulating 
properties of films of cellulose obtained by the thiocarbonate process. 
We found them inferior in this respect to the fibrous celluloses in the 
form of paper, the insulation being approximately in inverse pro- 
portion to the normal hygroscopic moisture, namely 7 : 10. 

As there are many phenomena connected with cellulose, and also 
many of its properties which indicate a species of saline activity, 
it was considered possible that it might behave as an electrolyte 
if water were present in larger proportion. The following experi- 
ments were made on the conductivity of moist cellulose as compared 
with that of water. A xag pulp was prepared, and after being 
exhaustively purified, it was diffused through distilled water, and 
the mixture ponied into glass tubes, closed bolow with a diaphragm 
of muslin. The pulp was pressed down, and finally made into a 
compact cylinder by strong pressuro. At each end a flattened coil of 
copper wire was placed in contact with the cylinder of moist pulp, 
the wires being brought through corks and connected with the ter- 
minals of a battery. Tubes of exactly similar dimensions and arrange- 
ment, containing distilled water only, were provided for comparative 
observation. The tests wore made in the usual way with a reflecting 
galvanometer, the electromotive power being small dry cells, giving 
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a current of about 1/20 ampere with an E.M.F. of about 1 volt, pci 
cell. 

Battery. Length. o£ column. Ghlr&nomoter. 

(A.) Water . — 

6 cells (series). 140 mm. 115° 

„ 70 „ 205 

35 „ 410 

(B.) Moist pulp . — 

6 cells (1) 140 „ 300 

(2) 73 „ 535 

1 cell (8) 25 „ 285 

On reducing these numbers to unit length, and to unit E.M.F., it 
will bo seen that they show a sufficiently close agreement, the num- 
bers for the B senes boing 42 : 39 : 43. Approximately, therefore, 
the conductivity of the moist cellulose is three times that of a column 
of water equal to it in length, and of the same degree of purity as 
that used to moisten the pulp. The proportions of water to cellulose 
lin the tubes of series B, it remains to add, were 

(1.) (2.) (3.) 


Water 63 66-5 57*5 

Cellulose 37 33*5 42-5 


Having established the superior conductivity of moist cellulose, wo 
may now describe experiments illustrating the electrolytic effects 
which mark the passage of tho current through moist celluloso films, 
paper, cloth, &c., placed between metallic conductors. A convenient 
battery strength for producing tho effects is a 4-cell u bichromate ” 
battery ; but a current of 1/30 ampere is sufficient with a difference 
of potential botweoa tho terminals of 3 to 6 volts. 

Briefly and generally, tho metal of the auode is dissolved, and 
carried forward into tho celluloso where it is deposited in combination. 
Even gold is attackod; platinum also; but those metals arc carried 
ihrough tho celluloso and deposited on tho cathode. Gold, however, 
is, to a certain extent, retained. The rosults with silver aro char- 
acteristic. Tho deposit is brownish, and is immediately decolorised 
by weak acetic acid ; it is therefore oxide of silver. On reversing 
tho current maintaining the contact, a secondary electrolysis is 
determined, and the oxide is converted into metal. 

A quantitative observation may bo cited as typical. A piece of 
pure Swedish Alter paper was cut to a square 5 cm. on the sido, and 
clamped between a silver (anode) and a copper plate. The current 
was passed for 60 secs. Tho silver deposited in the paper was 
*0*005 gram, which may be taken to represent a current of 
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1/12 ampere. The battery used was a 5-cell bichromate battery in a 
nearly exhausted condition. 

The reactions with the other metals call for no particular description. 
We may mention copper which is deposited as a blue hydrated oxide ; 
and tin as stannous oxide, which may be “ developed in gold ” by treat- 
ment with auric chloride. Zinc is pecnliar, in that it is deposited in 
both directions of the current ; that is, with a Zn | Pt combination of 
terminals, the cellulose contains zinc oxide, after the passage of the 
current, whether from Zn to Pt, or vice versd ; treatment with a neutial 
solution of bseraatoxylin develops a characteristic colour, the zinc 
from the anode being purple, whilst that from the cathode is blue. 

More critical observations have been made showing that between 
the terminals there is a trne electrolytic circuit, which is affected by 
the conditions of the circuit. Thus, in completing a Zn | Pt circuit 
through three folds of paper, the effects are obtained as above 
described ; but in substituting for the central fold, paper containing 
3*5 per cent, of zinc oxide, the zinc terminal taken as anode is not 
attacked. The zinc oxide being 4- to zinc counters the ordinary 
action of the current. 

We do not propose to extend the discussion of these phenomena at 
the present time; they are the subject of systematic research, the 
results of which will be treated in a special communication. 

It is necessary to mention that similar phenomena are shown by a 
diversified range of colloid substances, silk, wool, gelatin, and even 
asbestos ; farther, water is not necessary to the reactions. We have 
obtained similar results with other liquids similarly used, notably 
absolute alcohol. 

In conclusion, without committing ourselves to any theory outside 
the evidence which we have accumulated, we may state that the 
results clearly indicate that the phenomena are the result of direct 
transmission of the current by the colloids, and not by associated 
saline impurities. The latter hypothesis has been exhaustively 
investigated, and the results obtained when ordinary salino electro- 
lytes are present, are the exact reverse of those described, the 
ions taking the usual form and course, being separated upon their 
respective electrodes. 

The subject is introduced as incidental to the general theoretical 
development of the chemistry of cellulose reactions. It is another 
link in the chain of demonstration of those characteristics of the 
molecule which, for want of a better term, we describe as “ saline.” 
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XL VI II. — Potass i urn Nitrososul phate. 

By JKpwakd Divius, M.D., F.R.S., and T. JIaga, F.C.S. 

IIantzscu lias recently expressed the opinion (Fkr., 1894, 27 , 3264) 
that two potassium nitroxy&ulphites exist, one being Felouze’s nitro- 
sulphate (the nitrososulpliate of Henry Watts and of ourselves), the 
other a salt obtained by Raschig (Auncden, 1887, 241 , 230), and 
again by himself. This opinion we cannot share, for reasons we 
pi*ocoed to state. * 

Above all, Hantzsch is mistaken in his belief that Pelouze found 
the nitro&osulpliatcs to be preoipitable by barium salts; Pelouze 
expressly states the contrary, advancing it as a proof that these salts 
cannot be taken to be sulphates with nitrous oxide acting merely as 
water of crystallisation. There is, indeed, a sentence in his paper 
calculated to mislead on this point, wherein he says that, with a 
barium salt, the solution of the “* new gait ” gives a precipitate which, 
when washed, is soluble in nitric acid. This precipitate, however, 
as the context clearly shows, is due to impurities, such as carbonate, 
in the potassium hydroxide employed, and he mentions it merely to 
show that tho precipitate is free from sulphate. Thus, the property 
which Hantzsch regards as, above all, characteristic of Pelonze’s salts, 
has no existence. 

Hantzsch says, further, that there is a striking contrast between the 
ease with which his own potassium salt decomposes and the relatively 
groat stability of Pelonze’s salt, as the latter can be purified by 
reerysiflllisation from boiling water, with very little loss by decom- 
position, whilst his preparation in aqueous solution decomposes 
somewhat quickly, even at the common temperature, and with effer- 
vescence wlion gently heated. 

Both of these statements, however, are true of one and tho 
same preparation. Wo find from our experiments that the salt, 
as obtained in a strongly alkaline mother liquor, following Polouzc’s 
directions, after having boon thoroughly well drained on a tile, 
&o as to be almost pure and without the least caustics lasto, 
although still alkaline to litmus, can be purified, as Pelouze 
himself states, by dissolving it in the propor quantity of boiling 
water and quickly cooling the solution ; there will, it is true, be 
brisk effervescence, but the greater part of the salt can be 
recovered, and will be found to be free from sulphate, after draining 
on a tile. Again, the pare salt can be dissolved in just sufficient 
boiling water, with bub little effervescence, if a few drops of dilute 
solution of potassium hydroxide has been previously added to the 
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■water, and can be recovered with very small loss if the hot solution 
is quickly cooled by immersion in cold water. The crystals deposited 
may then be redissolved in their mother liquor, and the solution 
brought to full ebullition over a naked flame, and yet much of the salt 
be recovered, provided the solution is quickly cooled. Further, if water 
at 50° is used each time, even i£ no alkali at all be present, the pure 
salt may be dissolved and recrystallised four times oyer, the crystals 
being collected and drained from the mother liquor each time ; there 
is here, however, great loss from one cause and another, a fraction of 
a gram only being obtained from 10 grams after four crystallisations. 
23ow, such a salt as this, fully coming np, as it does, to every expec- 
tation based on Pelouze’s description, will effervesce freely if its 
solution is heated to 60° or above, and will decompose entirely in a 
day or two, even at the ordinary temperature, thus behaving in 
accoi’danoe with Hanizsch’s description. Pelouze, we may add, found 
that the less stable ammonium nitrososulphate decomposed slowly in 
solution even at 0°, and quickly with effervescence at 40°. 

Another point of contrast noticed by Hantzsch in the effect of heat 
on the two salts is that the salt he prepared is gradually but com- 
pletely decomposed into sulphate and nitrons oxide when heated up 
to about 90°, whilst Pelouze states that he found his salt neither lost 
weight nor decomposed at 110 — 115°. We find that the salt prepared 
by ns behaves conformably with Hantzsch ’s account, and feel our- 
selves justified in setting down Pelouze ’s statement to the contrary to 
some oversight on his part, for we are unable to confirm Hantzsch’s 
opinion of Pelouze*s accuracy in the description he gives of his salts. 

We here give the results of the observations wo have made. At 
the bottom of a test-tube, immersed in oil, the pure salt, on two 
occasions, exploded at 91°, when heated in well- dried air. In a 
capsnle in the ordinary air bath, some of the same pure salt reached 
108° before it exploded. Again, at the bottom of a test-tube in oil, 
in a gentle current of we 11- dried hydrogen, the salt exploded also at 
108°. The decomposition is an exothermic one, and we are disposed 
to attribute this difference in the temperature of explosion to the well- 
known great cooling effect of hydrogen, being about equal in the test- 
tube to that of the use of an open vessel in a capacious air bath, rather 
than to the exclusion of air by the hydrogen. In another experiment 
made in dried hydrogen, the salt lost only 10 per cent., that is, half 
the total possible loss of weight when heated 2£ honrs, at 95°, and 
the whole, or 20 per cent., not until the salt had been heated 
12 hours. Thus, the loss in weight is slow, and if a higher tempera- 
ture (10?°), mistaken for 110°, had been maintained for only a few 
minutes, it would have had so small an effect as, probably, to have 
deceived Pelouze. When the salt does suddenly decompose, there 

2 i 2 
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is a marked rise of temperature, and this may have caused him to 
name 130° as the decomposition point. Even if these suggestions 
are rejected, and Pcloiwe’s statement is taken as correct, this differ- 
ence in behaviour to heat is the only one between Hantzsch’s and 
Pelouze’s preparations. 

Prom Peloaze’s account it is to bo inferred that, while in presence 
of moisture and acids, potassium nitrososulphate decomposes into 
potassium sulphate and nitrous oxide, it is converted by dry heat 
wholly into sulphite and nitric oxide ; Hantzscli, on the other hand, 
finds that by dry heat not more than 20 — 2(5 per cent, of the salt is 
changed into sulphite and nitric oxide, the rest becoming sulphate 
and nitrous oxide. There is nothing, however, to show that Pelouzo 
worked quantitatively in the matter. Besides, Hantzseh himself has 
found that silver potassium nitrososulphate does wholly decompose 
into sulphite* and nitric oxide by heat, thus greatly lessening the 
weight that might be attached to this supposed difference. 

On heating the salt in dried hydrogen until it exploded at 108°, we 
got results showing that 28*2 in one case and 29 parts per 100 in 
another case had been changed into sulphite. Our mode of working, 
however, was not only a little different from that adopted by 
Hantzseh, but wc had to estimate the nature of the change in another 
way. He exploded the salt, and noted its loss in weight, and from 
this calculated how much of it had given off nitric oxide and how 
much nitrous oxide. Wo could not do this, since much of the 
residue was always blown out of our tube. Instead, therefore, we 
determined by the iodine method the amount of sulphii© in a 
weighed quantity of the residue; thcie was always a trace of 
nitrite present. 

We have now noticed all the points of supposed difference between 
Pelouze’s nitrososulphato aud what Hantzseh has designated the 
Rascbig salt, and that the explanations wo have offered, taken in con- 
junction with the experiments wo have made, are sufficient to show 
that the two salts are one. 

We will now return to Rasohig’s other salt. 

This salt, which Jftaschig and Hantzseh have erroneously taken to* 
he identical with Pelouze’s potassium nitrososulphate, has two specific 
characters — it gives a barium salt insoluble in water, and it yields 

* Impressed by the stability of silver potassium sulphite, Hantzseh is led to 
recognise m it that constitution which one of us and Shimidzu, unknown no doubt 
to him, had long since given it (this Journal, 1882, 49, 581). Further, that it is 
like the mercury sulphites, which, according to Barth, he says, are sulphonates. 
We not only agree with this view of the constitution of these salts, but would point 
out tbat Barth, in the paper quoted by Hantzseh, fully credits Divers and 
Shimidzu with that view, and then adopts it and confirms it. 
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*lipotassium oximidosulph onate when its solution in weak potash is 
made to crystallise, either by cooling or by evaporation. It may he 
mentioned here, parenthetically, that we have found it impossible to 
get any oximidosulphonate from pure potassium nitrososulphate. To 
get his salt, Rascliig passed nitric oxide through potassium sulphite 
and evaporated the solution over sulphuric acid until crystalline crusts 
formed. The product obtained by other workers has always been 
that which crystallised out during the absorption of the gas. 

Hantzsch has tried in vain in various ways to prepare this salt. 
As for ourselves, in whatever way we have worked, we have always 
got Peloijzc’s nitroso sulphate, and no other along with it, whether we 
used a freezing mixture of ice and salt, the temperature of melting 
ice, or the ordinary atmospheric temperature, whether we had 
anueh potassium hydroxide present or none at all, worked for abun- 
dant yields of salt from the first, or stopped before crystals 
began to form, and then evaporated the solution over sulphuric 
acid, or, lastly, evaporated the mother liquors from the first-formed 
crystals. 

Potassium nitrososulphate we find to be soluble in a little more than 
eight parts of water at 14£°, but it is less soluble in presence of potas- 
sium hydroxide. Even in the absence of alkali it can readily he 
recovered by evaporating its solution over sulphuric acid, although 
not without loss. 

In composition, so far as potassium and sulphur are concerned, 
which alone were estimated by Raschig, this nitroxysulphite of his 
agrees very nearly with his “basic potassium diliydroxylamine sul- 
phonate” (op, cit., p. 192) if undried. From that salt, too, it appears 
to be indistinguishable by any properties, save an inconstant one. 
Rascbig says that on several occasions this nitroxysulphite gave off 
some nitrous oxide on being dissolved in hot weak potash solution ; 
as, however, Pelouze’s salt would behave in the same way, it is not 
improbable that it may have been occasionally mixed with the 
latter in the crystalline crusts Raschig obtained by evaporating his 
solution. Otherwise, both the dihydroxylamino salt and this 
nitroxysulphite, oven in dilute solution, givo a barium precipitate 
soluble in acids, the solution quickly depositing barium sulphate. 
Both salts, it must be inferred, freely evolve nitrous oxide when 
acidified, and both are decomposed by wator, and tlion yield oximido- 
snlphonate. 

Reserving for future publication all details, we may state now that 
oximidosulphonates and also salts similar to, if not identical with, 
Raschig’s dihydroxylamine salt, are very easily obtainable from 
potassium sulphite and nitrous fumes. Even with nitric oxide, unless 
very special precautions are taken, at least minute quantities of di- 
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pofassium oximidos ulplionate are always formed, and can be sepa- 
rated by evaporating tbe mother liqnors of potassium nitrososulphate 
■with cire almost to dryness, sometimes with the addition of alcohol ; 
if precautions aie not taken to keep the nitric oxide colourless and 
all air absent, tbe oximidosulphonate forms quickly in notable 
quantity. The question arises, did Raachig take these precautions r 
Al though it may be assumed that he did, there is nothing in his 
memoir to show that he was aware of this cause of error, or that he 
took any such precautions as, for instance, were taken by Hantzsch 
to have his nitric oxide pure. Until some definite method of pre- 
paring Baschig’s isomer of Pelouzo’s potassium nitrososulphate is* 
described, its existence is a matter of doubt, especially when it is 
considered that Pelouzc’s salt mixed with some such salt as his own> 
potassium dihydroxylamraesulphonatc would have the properties of 
this isomcride. 

In a short notice to the Society, entitled “ The Existence of Barium 
and Lead Nitrososulphates ” (Trans., 1885, 47, 364), we communicated 
the fact that, although the alkali nitrososulpliates had appearedl 
hitherto to be incapable of undergoing ordinary doable decomposi- 
tions with other salts, we had found them capable of a fow such 
changes, resulting in tlie precipitation from concentrated solutions 
of a barium and of a lead salt. No quantitative analysis of these salts 
was given. It was also there mentioned by us that silver nitrate, 
unlike copper sulphate, docs not at once cause decomposition of alkali 
nitrososulphates. Now, Hantzsch, in his account of the preparation 
of barium potassium and silver potassium nitrososulpliates, although 
he refers to the note above mentioned, does so merely in older to say 
that, according to us, salts of the heavy metals cannot be prepared ; 
this is not only the reverse of our statement, but ho ignores the 
existence of the two salts we mentioned. 

A new point about nitrososulphatos which, small in ilsolf, may 
yet prove of significance in sottling their constitution, is that their 
aqueous solution becomes strongly alkaline to litmus, phonolphthalein, 
or rosolic acid, soon after alcohol is added to it. No effervescence 
on standing, otherwise a marked phenomenon, is then observable, 
and the disappearance of the salt is greatly retarded, probably as an 
effect of the alkalinity induced in the solution, possibly also through 
presence of the alcohol itself. Neither sulphite, nitrite, nor oximido- 
sulphonate is produced. 

Both Pelouze and Hantzsch describe potassium nitrososulphate as 
being perfectly neutral to litmus. Iu this wo differ from them. It is 
indeed so towards phenolphthalein and to rosolic acid, but to litmus, 
almost on first contact with it, the moist salt is alkaline, and its dilute 
solution becomes so in a few seconds. The salt tested by us had, in one 
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case, been four times recast allised from pure water. Besides, when 
snch salt of alkaline reaction had all decomposed, either slowly in 
the cold or more quickly at a boiling heat, or in the cold by contact 
with spongy platinum, the product was always quite neutral potassium 
sulphate, thus showing the absence of any excess of alkali as impurity 
in the original salt. 

The knowledge of the constitution of the nitrososulphates seems to 
stand just where it did ten years ago, when we were led to see in 
these salts the presence of the radicle -S0 2 0K, a view which has met 
with general recognition since, if we except some hesitation about its 
acceptance on the part of Michaelis {Graham- Otto's Anorg . Chem ., 4, 
1515). JEtaschig in adopting it, two years later, fully stated that it 
was ours, but Hantzsch, although referring to JEtaschig’ s views, has 
overlooked that fact. In proposing at that time a new formula for 
these salts, we did not venture to resolve the nitroxy-radicle, and 
wrote KCNr 2 0 2 )S0j£, just as Traube is temporarily doing with his 
isonitramines. At the present time, w e are disposed to adopt, as the 
legitimate outcome of the reduction of these salts into hyponitrites 
and sulphites, the expanded formula K'ONlNO-SOjK, according to 
which nitrososulphates are simple sulphates of the radicle M*OJSTj~ 
(where M is a univalent metal or ammonium). 

There are three objections which can be raised to this conception of 
their nature. One, made by Pelouze 60 years ago, may be stated 
almost literally in his words. Is it probable that nitrous oxide, con- 
tained as such in these salts, can, by the small rise of temperature 
which causes it to become nitric oxide, take oxygen from snch a stable 
compound as sulphuric acid ? We reply that, since the oxygen which 
has converted sulphite to sulphate Las not, in doing so, parted from 
the nitrogen of the nitric oxide, it may well enough be expected to 
keep it when, by a sufficient elevation of temperature, the complex 
molecule of the salt has to break up, though even then, as at 
lower temperaturos, some of it does leave nitrogen in order to 
remain in the sulphate. 

Another objection to those salts being considered as sulphates, 
which may suggest itself, as it also did to Pelouze, is that they 
give no precipitate of sulphate with barium chloride. But this may 
only show that they resemble alkyl sulphates, such as the sulpho- 
vinates ; whilst the instantaneous precipitation of barium sulphate 
on the addition of an acid confirms the view as to their sulphate 
constitution, since all known sulphazotiscd salts of the sulphonic 
type, when acidified, take a notable time before barium sulphate 
begins to precipitate, brief though that time, during which hydrolysis 
is taking place, may be in the case of the trisulphonated nitrile 
salts. 
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A third and obvious objection to the view that nitrososulphates 
are true sulphates is that they resist decomposition by alkalis. It 
is here admitted that a constitution in which nitrogen is shown in 
direct union with sulphur would furnish, primd facie , a more satis- 
factory ground for this stability than ono in which it stands only in 
oxylic union with the sulphur. However, it should be considered 
that potassium ethyl sulphate, for example, shows some of that 
stability characteristic of potassium ethylsulphonate towards alkalis, 
although in it also* there is no immediate juxtaposition of ethyl to 
sulphur. But the special point for consideration is one which, as 
in so many other cases, structural formulas fail to indicate. To 
take the commonest and simplest example, structural formulae fail 
to account for the fact that the hydrogen of HO # K is so different 
in its chemical relations from that of HONO S . The point then is 
that, because sulphur is dibasic in nitrososulphates as in sulphites 
and sulphates, potassium nitrososulphate is a salt quite stable 
towards potassium hydroxide, though extremely unstable towards 
acids. The sulphur acts, so to speak, through or across the dini- 
trosyl on the potassium just as it acts in sulphates across the inter- 
vening oxygen, or as chlorine acts across oxygon as a monobasic 
radicle in chlorates, or phosphorus in phosphates as a tribasic radicle. 

That nitrososulphates should decompose into sulphates and nitrous 
oxide, and also by sodium be reduced to hyponitrites and sulphites, is 
made very evident by the constitution here assigned to them. 

0 

Hantasch’s formula for these salts, /\ is perhaps 

KON • HSOjK, 1 * 

preferable to ours for accounting for the stability of nitrososnlphatos 
towards alkalis. On the other hand, it affords no explanation of 
their instantaneous decomposition by acids, whilst their reduction 
by sodium becomes a very complex matter. Raschig’s formula, 
OK 

would be almost equally good, were it not dosigned to 

show a possible decomposition into oximidosulphonate and nitrous 
oxide. 

Traube (Ber., 1804, 27, 1507) thinks there is analogy between his 
isonitramines and the nitrososulphates, but we doubt very much 
whether any substantial anology will be established between them. 
It is true that both classes of compounds are metallic salts formed 
from nitric oxide, but then, as Traube has already shown, one of 
the nitrogens is nnited to the alkyl radicle of the isonitramine, 
whereas, as we have just pointed out, what little evidence there is 
shows that ono of the atoms of oxygen, and not of nitrogen, is directly 
united to the sulphury!. Again, in tho formation of nitrososulphates, 
nitric oxide simply combines with a salt, whilst in that of isonitr- 



DUNSTAN AND CARR : THE CONSTITUTION OF ACONITINE. 459 


amines it unites a salt with more metal. In the formation of nitroso- 
sulphates, the presence of alkali, essential in the case of isonitramines, 
may be dispensed with, as was recognised by Pelonze as regards the 
•ammonium salt, and as has been more conclusively ascertained by us 
in the case of the potassium salt. 

Imperial University , 


XLIX . — Contributions to our Knowledge of the Aconite 
Alkaloids . Part XI. The Constitution of Aconitine . 

Acetyl Derivatives of Benzaconine and Aconitine . 

By Wyndham R. Dunstan, M.A., F.R.S., and Francts H. Carr, 
Salters Company’s Research Follow in the Research Laboratory 
of the Pharmaceutical Society. 

In previous communications (Parts IX and X, Trans., 1894, 65, 176 
and 290), the authors showed that when aconitine is heated at its 
melting point forming pyraconitine, or when partially hydrolysed 
forming benzaconine, or when it is completely hydrolysed forming 
aconine, a molecular proportion of acetic acid is separated ; from this 
lit follows that aconitine must he regarded as a monacetyl derivative, 
namely, acetylbenzoylaconine (C^H^NOia). 

During the past year, experiments have been made with the view 
of re-forming aconitine from benzaconine by introducing an acetyl 
group into it, and thus confirming the correctness of the constitution 
deduced from analytical evidence. Although the acetylation of benz- 
aconinc has been carried out under various conditions, it has not, so 
far, boon possible to prepare aconitine; diacetyl, triacetyl, and tetva- 
coiyl derivatives being formed, which are non-poisonous. Dp to the 
present, no monacetyl derivative of benzaconine isomeric with aconi- 
tine has beou obtained. 

Eiacetylbenaacaniiie, OaTI^CHiCOJaXOn* This compound is pro- 
pared by acting on benzaconine dissolved in chloroform with a small 
excess of acetic anhydride at the ordinary temperature. It is an 
amorphous base insoluble in water, but easily soluble in ether or 
chloroform. The hydrobromido crystallises readily from alcohol on 
adding ether to the solution. It is found that when rapid crystal- 
lisation is caused by the copious addition of ether, the substance melts 
at 214°, but when crystallised slowly it melts at 265°. We have had 
occasion to draw attention to a similar behaviour of the salts of other 
alkaloids of this group. 

This derivative, apparently, is not toxic, and could not bo made to 
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jield a toxic alkaloid by slow hydrolysis either with alkali or watei , 
the pxoduet first foimed in the former case being aconine, and in the 
latter bcnzaconine. The amount of acetic acid eliminated on hydio- 
lysis was estimated, and found to be 16*2 per cent.; the quantity 
required by diacetylbenzaconine hydrobromide is 15*6 per cent. The 
method of hydrolysis employed in this case, as in all of those to be 
described, consists in dissolving a weighed amount of Ihe substance 
in pure alcohol, adding pure sodium hydroxide solution, and then 
heating to 70°. An hour is sufficient to complete the action. The 
solution, after being nearly neutralised with dilute sulphuric acid, N 
evaporated (and in this particular case the haloid acid was removed 
by precipitation with silver sulphate). It is next repeatedly dis- 
tilled with dilute sulphuric acid until no more volatile acid is 
obtained; the distillate is then shaken with ben/eue to remove 
benzoic acid, and titrated with N/20 soda solution. 

Triacetylbenzaconiue , CjiH 4 o(CH/CO) 3 NO u . — This derivative is ob- 
tained by acting on a chloroform solution of bcnzaconine with acetic 
anhydride at 100°, or at the ordinary temperaturo in the presence of 
sodium acetate. It is crystalline, melts at 255 — 256°, and dissolves in 
alcohol and in ether, but not in water. Neither the base nor its salts 
produce any tingling when applied to the tongue, and, apparently, 
are not poisonous in small doses. 

When completely hydrolysed with alkali, this substance furnishes 
aconine, benzoic acid, and acetic acid. The amount of acetic acid 
produced is 24*4 per cent., which agrees with the quantity required 
lor a triacetyl derivative, namely, 24 6 per cent. ; a diacetyl deriva- 
tive requires 17*4 per cent, and a monacetyl derivative 9'27 per cent. 
Experiments were made on the partial hydrolysis of this base in the 
hope of obtaining a monacetyl derivative, but they were unsuc- 
cessful. 

This triacotyl derivative appears to be the same as that described 
by Messrs. Freund and Beck (JBcr., 1894, 27, 7321) as a monacotyl 
deiivative. These observers, however, relied entiroly on the results 
of combustions in determining the composition, and, as is well known, 
this is fallacious in cases like the present one, where the additiou ox* 
removal of an acetyl group makes but little difference in the per- 
centage composition. From the calculated percentages of carbon and 
hydrogen for monacetyl, diacetyl, and triacetyl derivatives tabulated 
below, it will be seen that even between the mono- and tri-substitu- 
tion derivatives the peicentage differences are small, whilst, on the 
other hand, the large differences in the percentages of acetic acid 
furnished by the hydrolysis of these substances affords a safe criterion 
of the number of acetyl groups w hich have been introduced. 
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OaiH^COHa-COJNOn. 0 = 6120 ; H = 6*95; acetic acid = 9*27 
per cent. 

O3iH 41 (0Ha‘0O) 2 NOn. 0 = 60*96; H = 6*82; acetic acid = 17*41 
per cent. 

Cs l H4o(OHa-00) 3 N0 11 . C = 60*74; H = 6*70; acetic acid = 24*62 
per cent. 

When acetyl chloride is used as the acetylating agent in place of 
acetic anhydride, a different product is obtained. By allowing the 
chloride to stand for some hours with benzaconine, or one of its salts 
dissolved in chloroform, and then regenerating the base from the 
saline residue by means of dilute ammonia and extracting with ether, 
a crystalline base was obtained which melted at 162°. This is 
insoluble in water, and does not dissolve readily in dilute acids. The 
hydrobt amide is crystalline, and melts at 231° after re-crystallisation 
from a mixture of alcohol and ether. The aurichbiide , which is 
amorphous, contains 16*6 per cent, of gold. 

Great difficulty was experienced in deciding as to the composition 
of this substance. It is not easy to dry it completely in a desiccator, 
and on prolonged heating at 100° it suffers some decomposition; 
concordant results, therefore, were not obtained on combustion. 
When dried for three hours, it lost about 4 per cent, of water, and 
on complete hydrolysis with alkali it furnished 25*8 per cent, of 
acetic acid, in addition to benzoic acid and aconine. The substance 
would seem, therefore, to be a tri-hydrate of triacetylbenzaconine, but 
this constitution cannot be regarded as established. It is not toxic 
in small doses, and no monacetyl-derivative could be obtained from it 
by partial hydrolysis. 

Tetracetylbenzacouine , CaiH^ (C 11/3 O) 4NO n . — We hu\e previously 
pointed out that aconitine forms an aurichloiide of the usual type. 
•Benzaconine, however, which is formed fiom aconitine by the hydro- 
lytic separation of its acetyl group, furnishes a remarkable colourless 
aurichlor-derivative, CjiIIu(AuC 1 j)NOii, and from this it would 
appear that the atom of hydrogen in benzaconine which is replaced 
by the residue AuCU is the same as that which is replaced by an 
acetyl group in aconitine. It seemed probable, therefore, that if the 
group AuClj in this compound were replacod by acetyl, aconitine 
would be formed. It was found, however, that reaction between the 
gold salt and acotyl chloride does not readily take place; at 100° in 
a closed tube, on the other hand, the aurichlor-derivative is decom- 
posed, and from the residue a crystalline base is obtained melting at 
211°. It is insoluble iu water, but dissolves in alcohol and in ether ; 
dilute acids dissolve it with great difficulty. The same substance 
may be obtained by heating benzaconine with acetyl chloride, in a 
closed tube at 100°. It is not poisonous, and is remarkable in forming 
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a colourless aurichlor- derivative (m. p. 22r>°) containing 18*2 per 
cent, of gold. As, on hydrolysis, this base furnishes 33*8 per cent, of 
acetic acid, besides benzoic acid aud aconinc, i i appears to be a tetr- 
acetylbenzaconine, the auriclilor-dm vat i vc of which would contain 
18*8 per cent, of gold, and would furnish ill* 10 per cent, of acetic 
acid on hydrolysis. 

It will be seen from these results that it has not been possible to 
prepare a monace tylbenzaconino corresponding with aconitine, whilst 
the higher acetyl derivatives which have been prepared differ from 
.aconitine in not being highly poisonous. The exact physiological 
action of these derivatives is being investigated by Professor Cash, 
V R.S., of Aberdeen. 

We proceeded, in the next place, to determine whether we could pre- 
pare triacetylbenzaconine and tetracetylbenzaconino, taking aconitine 
4as a starting point instead of benzaconine. Aconitine being acetyl- 
ben za coni ne, its diacot.yl-derivative should correspond with triacetyl- 
benzaconine and its triacetyl-derivative with te fcracety 1 benzaco- 
nine. 

Acetic anhydride does not react with aconitine, even after pro- 
longed standing or heating at 100°. 

Tr iacehjlaco niti ne. — When acetyl chloride in large excess is allowed 
to act on aconitine at the ordinary temperature during a day, in the 
absence of a solvent, a crystalline base may be extracted with other in 
the usual manner. It melts at 207°, and crystallises in fine needles 
from its alcoholic solution, especially after the addition of ether, in 
which it is sparingly soluble. It dissolves with difficulty in dilute 
acids, and its salts are unstable. On combustion ibis substance 
furnished the following data. 

0*2068 gave 0*4572 CO, and 0*1314 U a O. C = 60*30 ; H = 7*06 per cent. 

Cj JI„(GH,*CO),NO w requires C ss 60*54 ; H = 6*59 per cent. 

On hydrolysis, tliis base furnished aconine, benzoic acid, and 31 por 
•cent, of acetic acid ; an amount which corresponds with the calculated 
quantity for triacetylaconitino (31*16 per cent.). 

In addition to ibis substance, a small quantity of another, and 
apparently non-basic, compound is formed by the action of acetyl 
chloride on aconitine, but this was not further examined. 

This triacetylaconitine is isomeric, and not identical with the 
tetracetylbenzaconino, described above. Not only do these two sub- 
stances differ in physical properties, but ihe former compound has 
the characteristic physiological action of aconitine, whilst the deriva- 
tive propared from benzaconine has not. 

Diaeetylaocmithie . — This compound was prepared by acting with 
acetyl chloride on aconitine, or on one of its salts, either in the dry 
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state or dissolved in chloroform for several hours at the ordinary 
temperature. It is a crystalline base melting at 158°, only slightly 
soluble in water, but readily in alcohol or chloroform, less so in ether. 
The combustion of the base furnished the following data. 

0-1775 gave 0*3974 C0 2 and 0-1126 H 2 0. 0 = 61 06 ; H = 7*05. 

0-1607 „ 0*3607 C0 2 „ 0 1607 H a O. O = 61*21 ; H = 7*01. 

0-1884 „ 0-4191 CO a „ 0*1208 H 2 0. C = 60*67; H = 7'11. 

033 H 43 (CHyCO) 2 NO ia requires O = 60*74 ; H = 6*7 per cent. 

If auric chloride is added to a solution of the hydrochloride of this 
base, a yellow, amorphous piecipitate is thrown down, and when this 
is dissolved in alcohol and crystallised by adding a mixture of ether 
and light petroleum, fine, white needles fm. p. 164°) of an aurichloro- 
derivative are obtained. The following ai e the results of an analysis 
of this compound. 

0*1683 gave 0*0318 An and 0*043t AgOl. An = 18*89; Cl = 6*29. 
C83Hte(CH3*C0) 2 AuCl 2 N0 12 requires Au = 19*65; Cl = 7*08 per cent. 

On alkaline hydrolysis, the base yielded aconine, benzoic acid, and 
25*58 per cent, of acetic acid; the calculated quantity for diacetyl- 
aconitine is 24*62 per cent. 

The physiological action of diacetylaconitine probably resombles 
that of aconitine, since it produces the characteristic tingling sensa- 
tion. In this respect, as well as in physical and chemical properties, 
it differs from its isomeride tnacetylbenzaconine. 

Triacetylpyraconitiue . — When pyraconitine hydrochloride, dissolved 
in chloroform, is acted on in the cold with acetyl chloride, a crystal- 
line base melting at 204° is produced ; it is insoluble in water, but 
dissolves in ether and in alcohol. This substance does not appear to 
be toxic. On combustion it furnished the following data. 

0*1863 gave 0*4394 C0 2 and 0*1318 H 2 0. C = 64*32; H « 7*8. 
0*1807 „ 0*4214 00 2 „ 0*1288 H 2 0. 0 a 63 00; JrL = 7*91. 

The mean percentages arc 0 = 63*92, H = 7*85, which arc in fair 
agreement with those calculated from the formula 

C*H<o(CH 8 -CO) d N0 10 , 

which requires 0 = 63 8 ; H = 6*47 per cent. On hydrolysis, it 
afforded 22*6 per cent, of acetic acid, whilst the percentage calculated 
for the above formula is 88*02 per cent. 

This derivative corresponds more closely with those of benzaconino 
than with those of aconitine, especially in not possessing the 
characteristic physiological action of the derivatives of the latter- 
alkaloid. 

So far, then, all attempts to convert benzaconine into aconitine 
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Iiave failed, flic oilier methods of acetylation which were employed 
having given negative results. The distinct characters, especially 
the different physiological action of the two sets of corresponding 
derivatives from benzaconinc and aconitine, are somewhat diflicult to 
understand, and the exact constitution of aconitine and iis relation to 
benzaconinc is a problem which still requires inrther elucidation. 


We are unwilling to enter again into a discussion of priority with 
Messrs. Freund and Beck as to the establishment of the now view of 
the constitution of aconitine, but the fresh reply to our claim which 
Herr Freund (Iter., 1895, 28, 192), after the lapse of a year, has been 
fcd to make, renders it necessary for us to call attention to the facts 
of the case. 

In the Proceedings of this Society recording the meeting of 
January 18, 1894, three short papers of ours were printed to 
which Herr Freund has made voiy misleading references. The first 
proves that the alkaloid once obtained by Wright from aconite root, 
■and called “ Picraconitino,” is not a pure substance, but consists 
chiefly of w Isaconitine,” which we had previously shown to be 
benzoylaoonine * (Trans., 1893, 63, 448). The second paper shows that 
when aconitine is heated at its melting point it loses one molecular 
portion of acetic acid, forming a new alkaloid, pyraconitine. The 
third paper proves that acetic acid is formed, both when aconitine is 
converted into “ isaconitine ” by heating its salts with water, and also 
•when aconitine is completely hydrolysed with formation of aconine, 
and, therefore, that it is probable the acetyl group of aconitine may be 
separated under both those conditions. Now the percentages of carbon 
And hydrogen in “ isaconitino u represented by the old formula 
CbJEUNOw, or by the now formula OjiH«NO u , and also in aconine, 
using the two corresponding formula) C M lI 4 iNOii aud C^H^NOio are 
so nearly the same that proof as to the separation of one acetyl group 
from aconitine could not bo obtained from the results of the ultimate 
analysis of these products ; the elimination of the acotyl group 
making but little difference in the percentage composition. 


Benzaconinc 


f CwHifiNOia (old formula) 0 = 61*20 ; H = 6*95. 
lOJBUfTOki (new formula) 0 = 61*48; H = 7*10. 


Aconine . . . . 


r CUHuNOu (old formula) C = 57*46; H = 7*55. 
\ C^H^NOio (new formula) C = 57*48; H = 7*78. 


The required proof, however, could be gained by estimating 


* Until the simultaneous production of molecular equivalents of “ isaconitino ” 
and acetic acid had been established, it is dear that the experimental evidence 
•strongly supported the hypothesis of isomerism. 
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accurately the proportion of aoetic acid separated in these changes. 
Now, on attempting to estimate exactly the quantity of acetic acid 
formed nnder these conditions, we met with unexpected difficulties, 
so that, at the time these short papers were written, quantitative 
estimations of the desired degree of accuracy had not been made. 
On this account, we were unable to do more than indicate the nature 
of the conclusions at which we had arrived, and, for the same reason, 
we were obliged to retain the old formula for “ isaconitine ” in the 
first paper.* To have done otherwise would have been to anticipate 
the pi’oof which could only be gained by exact quantitative deter- 
minations of acetic acid not, at that time, made ; but we pointed out 
at the close of the third paper that if this view u should prove to be 
correct the nomenclature and formulae of aconitine derivatives will 
need entire revision.” 

Wishing to complete this proof by making the necessary deter- 
minations of acetic acid, we only pi*esented to the Society two full 
papers for the Transactions, holding over the third until these deteiv 
minations had been made. In about a fortnight, these estimations 
were finished, and they proved that exactly one molecular proportion 
of acetic acid separates when aconitine changes into “ isaconitine ” 
or into aconine. Therefore, aconitine must be, as we had indicated 
in our third short paper, mentioned above as published in the Pro- 
ceedings, an acetyl derivative which loses its acetyl gronp under 
these conditions. 

The JBenchte issued from Berlin on February 19, 1891* (p. 433) 
contained a shoi*t paper by Messrs. Freund and Beck, their first con- 
tribution to the literature of aconitine, in which they stated that 
aconitine yields acetic acid on hydrolysis, but gave no estimations 
of the amount ot acetic acid formed, or, indeed, any experimental 
proof of th 3 ir assertion that aconitine is aoetylbenzoyiacoainc. Tnat 
they had soon our papers in the u Proceedings ” is evident, from the 
fact that they actually quote from the first on u pieraconitine,” 
although they entirely ignore the two following papers, which not 
only indicate the conclusion they bring forward, but also supply- 
experimental evidence of its truth. This proceeding seemed to us so 
unfair that wo at once sent to tho President of the Society a short 
statement of our quantitative determinations, at the same time 
drawing his attention to the paper of Messrs. Freund and Beck. 
The President directed that this statement should be included 
in tho March number of the Journal (1894), then passing through 
tho press, in which the first two papers had already been priniecLf 

* Herr Freund has put an entirely erroneous interpretation on this circumstance. 

f Having looked into the fajts of the case this course had my entire approval.— 
Editob. 
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This third paper contains the only complete proof which has hitherto 
been adduced that aconitine is acetylbenzaconine, and it will be 
seen that it furnishes the lcsults of estimations of acetic acid which,, 
it was stated in our short paper published in the Proceedings nearly 
two months before, were in the process of being made.* 

At the same time we sent to the German Chemical Society a 
statement of our claim for priority, which was printed in the Berichtc 
of March 19, 1894 (p. 664). In his first reply to this statements 
Herr Freund 1894, 27 , 720) attempts to justify tlio absence of 
any allusion by him to our short papers in the Proceedings, on the 
ground that the production of acetic acid had already been observed 
by Messrs. Ebrenberg and Purfur&t in 1892, and that the work of 
these observers formed the basis of his inquiry. 

Now Ehrenbcrg and Purfiirst bad boiled aconitine with water, and 
stated that they had identified in the product benzoic acid ; methyl 
alcohol ; an acid, •probably acetic acid ; probably formic acid, together 
with the alkaloids named (bnt neither described nor analysed) 
“ picraconitine ” and u napellme.” They conclude, without quantity 
tive proof, that aconitine first loses benzoic acid , forming picraconitine y 
then that picraconitine loses methyl alcohol, forming napelline, and, 
lastly, that napelline loses acetic acid, forming aconine. Messrs. 
Freund and Beck profess that it is these manifestly erroneous obser- 
vations and conclus ; ons which have led them to the very different 
result that aconitine is acetylbenzoylaconine, and that it loses acetic* 
acid but not benzoic acid, forming u piciaconitine.” As a matter of 
fact, they reject every observation and conclusion arrived at by 
Ehrenberg and Purfiirst, except the suggestion that acetic acid is 
probably a product of the decomposition of aconitine ; that it is so 
was proved for tho first time by ns, and its trno bearing indicated in 
our two short papers ; to theso Messrs, Freund and Beck do not even 
refer, although they were published more than a month before. 

With this plain statement of tho facts of the case wo can confidently 
uphold our claim to priority against Herr Freund's criticism. 

Messrs. Freund and Bock have proposed to alter to C^H^NOu the 
formula of aconitine which wo give as CgsHuBTOja, and Herr Freund 
professes to be aggrieved that we have not so for considered Ilia 

* The circumstances under which the third paper was published prevented us 
from including in it the fall discussion of our results which we had previously 
intended it io contain, and it is obvious that through inadvertency the formula* for 
aconine and its derivatives are incorrectly printed in the table at the close of this 
paper, but they are correctly given in the text immediately above. 

f Herr Freund states that he has not replied until now 25, Feb., 1895, 
p. 192), but a reference to his paper in the Bericltie of Maich 19, 1894, will show 
that the excuse he makes is wanting in accuracy. 
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proposal.* Asa matter of fact, any discussion at tlie present time as 
to the exact formula of aconitine must he futile, as, until simpler 
derivatives of aconitine have been prepared and analysed, the ques- 
tion must remain, to a large extent, an open one. At the same time, 
we may state that analyses of the aconitine derivatives recently 
prepared by us do not furnish any ground for adopting the formula 
which Herr Freund has prematurely advanced; on the contraiy, 
they lead us to piefer that long ago proposed by ourselves (see Proc., 
February 18, 1895). This will be made clear by an inspection of the 
following table. 



Freund. 

Calculated. 

Dunstan and Carr. 

Found. 

Calculated. 

Triacetylaconitinc 

C^NO,*. 

C 62-25 

n 6 87 

60-42 

6-82 

60-54 

6-59 

Diacetylaconitine «£ 

Cj 

60-98 

7-06 

CjffH 49 NO J4 . 

60-74 

6-70 

Pyraconitine liydrobromide 

C 32 H 43 N 0 , H Br* 

0 57-65 

H 6-60 

55-80 

6-28 

CaxHuNOioHBr. 
65 -69 

6-28 

Aconine 

Cj,H 41 'N' Og. 

C 60-12 

H 8-21 

67-31 

8-02 

C 21 H 39 NO, e . 

57-48 

7-78 


Messrs. Freund and Beck have also attempted to show that the 
isomeric forms of aconitine auricbloridcs, as well as anricblorbenz- 
accnine, described by one of us and Mr. H. A. D. Jowett (Trans., 
1894), do not exist, but it has been shown (Proc., February 18, 1895), 
by a re-examination of tbeso compounds, that our original observations 
are correct. 

Research Laboratory, 

Pharmateutical Society , 

London. 


* It Mill be evident that our new formula for benzaconine, CajH^NOu, which 
Hen Freund asserts is based solely on t >e analysis of the aunclilor- derivative (the 
existence of -which, bj tlie way, he denies.) , rests chiefly on the demonstration that 
exactly one molecular proportion of acetic acid accompanies its production from 
aconitine. 
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proposal. * As a matter of fact, any discussion at the present time as 
to the exact formula of aconitine must be futile, as, until simpler 
derivatives of aconitine have been prepared and analysed, the ques- 
tion must remain, to a large extent, an open one. At the samo time, 
we may state that analyses of the aconitine derivatives recently 
prepared by us do not furnish any ground for adopting the formula 
which Herr Freund has prematurely advanced; on the contrary, 
they lead us to prefer that long ago proposed by ourselves (see Proc., 
Febroary 18, 1895). This will be made clear by an inspection of the 
following table. 


1 

Freund. 

Dunstan and Carr. 


Calculated. 

Found. 

Calculated. 

Triaootylaconitine ^ 

CioHodNO]*. 

0 62-25 

H 6*87 

60*42 

6 *82 

60*54 

6-59 

Diacetylaconitine 

C*H«N0 1S . 

C 62-65 

H 6-99 

60*98 

7*06 

C*ff 4 » NO u . 
60-74 

6-70 

Pyraconitino hydrobromide 

0 57-65 

H 6-60 

55-80 

6-28 

C 33 .H 11 NO 10 HBr. 
55-69 

C-28 

Aconine 

C 60-12 

H 8*21 

57*31 

8-02 

57*48 

7-78 


Messrs. Freund and Beck have also attempted to show that the 
isomeric forms of aconitine aurichlorides, as well as aurichlorbenz- 
aconine, described by one of us and Mr, H. A. D. Jowett (Trans., 
1894), do not exist, but it has been shown (Proc., February 18, 1895), 
by a re-examination of these compounds, that our original observations 
are correct. 

Research Laboratory , 

Pharmaceutical Society , 

London. 

♦ It will be evident that our new formula for benzaconine, C^H^NOu, which 
Herr Freund asserts is based solely on the analysis of the aurichlor-derivative (the 
existence of which, by the way, he denies), rests chiefly on the demonstration that 
exactly one molecular proportion of acetic acid accompanies its production front 
aconitine. 
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MARIGNAC MEMORIAL LECTURE.* 

L . — The Life-Work of Marignac. 

By P. T. Cleve, Professor of Chemistry m the University of Upsala. 

Jean Charles Galiss ard ee Marignac. 'who was elected a Foreign 
Fellow of the Chemical Society on the 19th June, 1862, was descended 
rom Pierre Galissard, Seigneur de Marignac in Languedoc, whose son 
of the same name was made a citizen of Geneva in 1733. The 
subject of this memoir was born on April 24th, 1817, at Geneva, where 
Ms father, Jacob de Marignac, was a judge and Gonseiller d'Etat. 
His mother was the sister of Elie le Royer, whose well-known 
pharmacy occupied a portion of the house in which the Marignacs 
resided. This pharmacy is noteworthy in the history of science 
as the place where Dumas obtained his first instruction in prac- 
tical chemistry. Le Royer enjoyed a considerable reputation as a 
chemist and physiologist, and his house in the Rues-Basses was the 
meeting place of Prevost, De Candolle, and other men of science who 
were settled in, or who visited, Geneva at that period. These circum- 
stances had, no doubt, their influence in developing the young 
Marignac’s inclination towards natural science, and his life-long 
friendship with the great French chemist, whom we had also the 
honour to number among our Foreign Members, dates from this time. 
At the age of 16, Marignac went to Paris as a student at the Ecole 
Polytechnique , from which he passed — 1837 to 1839 — to the Ecole dee 
Mines. The greater part of the following year was spent in travel in 
Scandinavia, Denmark, and Germany, the young “ £l&ve-ingenieur des 
mines” being charged with the preparation of reports upon the 
machinexy employed in these countries. The only published outcome 
of these travels is a description of Henschol’s blowing engine in use 
at the foundry of Veokerhagen, which appears in the Annales des 
Mines for 1824. The notes and drawings which he made during his 
travels are still preserved, and his biographer, Professor Ador, upon 
whose charming sketch the present biographical notice is largely 
based, finds in a note relating to Brussels an indication of that love 
of solitude and retirement which characterised Marignac through life, 
in the remark : “ Les boulevards qui condnisent an Jardin Botanique 
sont encore une plus jolie promenade que le pare, car on n’y rencontre 
personne.” 

At that epoch, Liebig’s laboratory in Giessen was the Mecca 
towards which nearly every young aspirant for chemical fame directed 

# Chemical Society's Memorial Lectures. No. IV. 
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his steps, and thither Marignac repaired daring the winter of 1840, 
to occupy himself with the study of some derivatives of naphthalene 
and of pbthalic acid ; this was his first and last essay in organic 
chemistry. Prout’s hypothesis became to him, as it did to Stas, the 
primary impulse of almost all his subsequent work; its influence 
indeed can be detected in nearly all his memoirs in spite of their 
range and diversity of subject. 

Marignac left Germany to take up a post in succession to Malaguti 
in the famous porcelain manufactory at Sevres, then under the 
direction of Alexandre Brongniart, the father-in-law of Dumas, to 
whose influence the young Genevese chemist doubtless owed his pre- 
ferment. Although the prospects of the position were promising, 
Marignac’s tastes predisposed him towards an academic career, and in 
less than half a year he returned to his native town to take up the 
Professorship of Chemistry in the Academy. “ La paie offerte,” says 
Ador , iC etait modeste, tres modeste, la position modeste aussi.” To this 
Chair he added that of Mineralogy in 1845, and he continued to occupy 
both up to 1878, when the condition of his health compelled him to 
resign. The laboratory in which he so zealously laboured for 
upwards of 30 years, and which was the birthplace of his most 
important investigations, is described as a damp and gloomy cellar, 
more like the den of an alchemist than the workroom of a modern 
uhomist. Here he worked alone and without assistance. When, in 
1873, the Academy grew into the University, Marignac came into 
possession of the fine laboratory of which Geneva now boasts; and 
much of his time was occupied in its construction and equipment. 
He remained here only five years, and on his resignation arranged 
for himself, on the upper floor of his house in the Rue Senebior, a 
laboratory, the installation of which was of the simplest nature, quite 
in harmony with the rare modesty which characterised its owner. 
Ho continued to woik here until about the year 1884, when his 
growing infirmity forced him to renounco all scientific investigation. 
After ten weaiy years of physical prostration, during much of which 
he was able to move only from his bed to his armchair, but with a 
mind active and clear to the last, he was released by death on the 15th 
April, 1894. 

The probity and exactitude of Marignac’s work are known to evBry 
chemist. In spite of a love of retirement, which it must he admitted 
in some ways impaired his usefulness as an university teacher, 
Marignac could not escape the recognition which was extended to him 
by almost every learned body in Europe. As Cicero says, u magnum 
virum tamquam umbra gloria sequitur,” proved to be true of 
Marignac, Most scientific societies counted it an honour to number 
him among their Fellows, and he received many distinctions, among 

2 K 2 
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them the Davy Medal in 1886, and the Order " pour leMerite,” given 
to him in 1881 by the German Emperor. 

Marignac's first important work in inorganic chemistry was made 
with a view to test Pront’s hypothesis. He sought to determine 
as exactly as possible the atomic weights of chlorine, potassium, 
and silver, thus repeating the work of Berzelius, who says ( Lehrl 
3, 1189) that, although he considered his own determinations 
were not lacking in accuracy, they were surpassed by those 
of Marignae, and that none before him had attained such a 
high degree of precision. The great Swedish chemist wrote to 
Marignae : u Je regrette de n’avoir point pu prevoir, lors de votre 
visite & Stockholm que celui quo je presentais comme un ingenieur 
des mines devait sitfit commencer k occuper une place clevee dans la 
chimie.” Afterwards Marignae redetermined the atomic weights of 
bromine, iodine, nitrogen, and carbon ; in fact, stoichiometry occu- 
pied him to the last, and in the course of his life he determined the 
atomic weights of no fewer than 28 elements. These researches led 
him into almost every branch of inorganic chemistry ; among these 
was that of the rare earths, the tantalum group, the fluoro-salts, the 
complex acids, &o., and in all he made discoveries of the highest 
significance. 

Marignac’s work on the rare earths is undoubtedly the most 
important in this particular department of chemistry. His first 
investigations were made as early as 1840, when he was barely 23 
years of age. Following Mosander, he attacked the cerite earths 
with the principal object of determining the atomic weights of the 
elements. The results were published in 1848-49. In 1853, followed 
a research on didymium. After an interval of more than 20 years, he 
again returned to the subject of the rare earths— this time to the 
metals of the yttria group. In 1878, he succeeded in separating 
ytterbia out of what up to that time was regarded as pure erbia, and 
it was in examining his fractionations from erbia that Sorct found the 
absorption bands of the metal X, now known to be holmium. In, 
1880, Marignae extended his researches to the samarskite earths, and 
succeeded in isolating two new oxides provisionally designated as Y a 
and Y/3. These are now respectively known as gadolinia and samaria. 

A rapid survey of the history of the rare earths will serve to more 
clearly define Marignac’s relations to the development of this branch 
of chemistry. 

In 1794, the Finnish chemist, Gadolin, discovered a new earth or 
oxide in a black mineral found at Ytfcerby, near Stockholm. This 
substance he called yttria. In 1803, another Scandinavian mineral, 
also known in the past century as “the heavy stone from Bastnas,” and 
now called cerite, was examined in Sweden by Berzelius and Hisinger, 
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and in Germany by Klaproth. It Was fonnd to contain a new oxide, 
which the Swedish chemists named ceria, after the newly-discovered 
planet Ceres : Klaproth termed it ochroit&rde , on account of its 
yellow colour. Mosander, in 1839, showed that this earth contained 
another oxide, lanthana, which he subsequently, in 1842, resolved 
into two distinct oxides, one giving colourless salts, to which he 
reserved the name lanthana, thither giving pink salts, which he 
called didymia. At about rhe^ame time, Scherer observed that 
yttria becomes yellow if strongly heated in an open vessel, whereas it 
is white if heated in a closed crucible, from which he inferred that 
yttria, like the ceria of Berzelius, was probably a mixture. In the 
following year, 1843, Mosander proved that by the partial precipita- 
tion of yttria salts with ammonia and acid potassium oxalate, the 
so-called yttria could be resolved into three earths, one of which was 
white, and gave colourless salts, and for which the name yttria was 
reserved, the second giving rose-coloured salts, to which the name 
terbia was given, whilst the third, known as erbia, afforded colour- 
less salts and a deep yellow peroxide. The yttria earths were 
re-examined in 1860 by Berlin, who, for the first time, employed the 
method of the partial decomposition of the anhydrous nitrates by 
fusion. He could only detect two earths in the yttria of Gadolin, 
namely, the yttria of Mosander, giving white salts, and an oxide, 
furnishing rose-coloured salts, to which he restricted the name erbia. 
Hence, according to Berlin, terbia had no existence. All subsequent 
workers followed Berlin in designating the rose-coloured earth as 
erbia. 

Shortly after the discovery of the spectroscope, Gladstone, in 1858, 
observed the beautiful absorption spectrum of didymia, and Bahr, 
in 1862, detected that of erbia. Delafontaine extended the applica- 
tion of the spectroscope in the investigation of the rare earths, 
and demonstrated the existence in Gadolin’s yttria of Mosander’s 
third earth giving a yellow peroxide. Inasmuch, however, as the 
term erbia had now come to be applied to the rose-coloured oxide, 
Delafontaine, iu resuscitating Mosander’s name of terbia, applied it 
to that earth which had been originally called erbia. In 1866 
appeared the work by Bahr and Bunsen, who used Berlin’s method, 
but with the modification that the anhydrous nitrates were so 
heated that they furnished a residue which was still soluble in 
boiling water, so that, on cooling, basic nitrates crystallised out. 
In this manner they succeeded, like Berlin, in resolving Gadolin’s 
yttria into the true or white yttria and rose-coloured erbia, and they 
further determined the atomic weights on tho assumption that these 
oxides had the general formula BO. The same formula was also 
applied to the cerite oxides. 
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In 1871, Mendeleeif published bis celebrated paper on the Periodic 
Law. In discussing the position of these elements in his system, it was 
necessary to change the formulae, hitherto considered beyond doubt, ol 
their oxides. Por yttria, didymia, and the monoxide of cerium, lie 
proposed the formula R 0 O 3 ; and lanthanahe considered to be a dioxide, 
R0 3 . At that time, few facts were known to justify such a change, the 
compounds of the rare earth metals having been but slightly investi- 
gated. The examination of the composition of the yttrium and erbium 
compounds was the principal object of the researches of Oieve and 
Hoglund, who, in 1873, repeated the work of Balir and Bunsen. This 
work was followed, in 1874, by Cleve’s new researches on yttria, erbia, 
didymia, and lanthama, and in 1875 by that of Jolinonthe compounds 
of cerium. The composition of the salts demonstrated the correctness 
of the predictions of the Russian chemist, with the exception of that 
relating to lanthana, which was shown to he a sesquioxide. When 
Hillebrand and Norton in 1875 isolated the metals, their specific 
heats were found to be in accord with the new atomic weights, and 
hence with the triadicity of the elements. 

In 1878, the chemistry of the rare earths entered upon a new 
phase; the mineral samarskite, found in large quantities in North 
America, became now the raw material for preparing .them. 
Whilst it contains much less erbia than gadolinite, it furnishes con- 
siderably larger quantities of the yellow earth terbia, as recognised 
by Delafontaine, from the sparing solubility of its formate. In this 
mineral, Delafontaine inferred the existence of a new earth, which 
he named philippia, the formate of which was more soluble in water 
than the terbium salt. Its salts, which are colourless, are characterised 
by the absorption hand £450. Roscoe ( Chem . 80 c. J., 1882, 277) 
subsequently proved that Delafontaine’s philippia was a mixture of 
terbia and yttria. In reality, however, the absorption hand belongs to 
an element now known as dysprosium. A second new metal, decipimu, 
was found in samarskite by Delafontaine (0. IE., 87, 632), who at that 
time characterised it by the absorption bands Z 416 and Z 478. Moreover 
the didymia prepared from samarskite was believed to contain unknown 
elements. It was subsequently found that the absorption hands Z 41(> 
and Z 478 belonged to the element now called samarium. Hence 
samarium would have been more properly called decipium, had not 
Delafontaine, in 1881, declared that his decipia of 1878 could be resolved 
into an oxide without absorption spectrum, for which he retained the 
name decipia, and into a second with absorption hands for which he 
adopted the name samaria, given by Lecoq deBoisbaudran. At about 
this period, Lawrence Smith announced the existence in samarskite of a 
new metal, which he called mosandrum. Marignac ( G . B., 87 , 281) 
and Delafontaine (0 B., 87 , 600) independently proved that Smith’s 
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mosandrum -was identical -with terbium. Subsequently, Lecoq do 
Boisbaudran (0. I?., 102, G47) showed that mosandria was a mixture 
of terbia and gadolinia. 

Marignac sought to prepare terbia from gadolinite, and succeeded 
in obtaining an oxide of a deep orange colour, giving colourless salts 
without absorption spectrum (Bill, uni . Arch, sci . p h. nah, 61 , 283). 
The atomic weight of the element was found to be 148*5 (Te a 0j), 
and much lower, therefore, than the atomic weight, 163*1, as deter- 
mined in 1886, by Lecoq de Boisbaudran. In examining the erbia 
from gadolinite, Marignac in 1878 made the unexpected discovery that 
this earth contained a new oxide, which gives colourless salts without 
absorption bands ( loo . cit, 64 , 97). He called the metal of this 
oxide ytterbium, and assigned to it tlie atomic weight of 172 5. In 
the erbia fractions obtained by Marignac, Soret ( 0 . JB., 86, 1062) 
found absorption bands, which could not be attributed to erbium. 
He called tho oxide producing these bands X. In the following year, 
1879, Nilson repeated Marignac’s work on ytterbium, and found its 
atomic weight half a unit higher, or 173 ; he also examined some of its 
compounds. Lecoq de Boisbaudran and Thalen described its spark 
spectra. The correctness of Marignac’s work was thus substantiated. 
Nilson, however, found that ytterbia was accompanied by another 
earth having a lower molecnlar weight ; with the aid of the spectro- 
scopic researches of Thalen he succeeded in proving its individuality, 
and called the new element scandium. Oleve also examined 
Mosandor’s erbia, and found, with Thalen’s aid, that the absorption 
bands hitherto assigned to erbia belonged to three different oxides, 
one of which, called holmia, was identical with Soret’s X, the other, 
hitherto undetected, between erbia and ytterbia, was called thulia. 
Clevo also succeeded in extracting Nilson’s scandia from gadolinite 
and from yttrotantalitc, and proved that the element scandium corre- 
sponded with MendeleeiFs hypothetical elcaboron, a conclusion also 
verified in the following year, 1880, by Nilson, 

Neither holmia nor thulia have hitherto been obtained froo from 
the accompanying earths. In 1886, Lecoq do Boisbaudran found 
that holmia was a mixture of two earths, tho time holmia amt 
dysprosium (0. JB., 102 , J003), chaiacterised by several bands. 
Crookes, however, found that only one of these, l 451*5, belonged to 
dysprosia. 

At about this time, Marignac turned liis attention to the saniars- 
kite earths (Bibh uni . Arch. sc. ph. not. , 1880, 413). By fraction- 
ation of the double potassium sulphate salts, be isolated in an almost 
pure state two oxides, Ta and Yfi ; the former was white, and gave 
colourless salts without absorption bands, the latter gave yellow salts, 
distinguished by the spectrum of samarium. In tho year 188o 
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((7. R., 102 , 902), the metal in Ya was caUed gadolinium. It is 
without doubt a perfectly definite element, although, according to 
Lecoq de Boishaudran, Marignac’s oxide probably contained about 
10 per cent, of foreign oxides (G. R., 108 , 165). Its spark spectrum 
was examined by Lecoq de Boisbaudran (G. R., Ill, 472). With a 
sample prepared as pure as possible by Oleve, no emission lines in 
the spark spectrum could be obtained by Thalen, nor was Bettendorff 
more successful. The atomic weight of gadolinium was found by 
Marignac to be 156*75 ; by Lecoq de Boisbaudran, 155*9 ; by Cleve, 
155 (0. R., Ill, 409) ; by Bettendorff, 156*33. 

The identity of Yfi with the samarium of Lecoq de Boisbaudran, 
the original decipinm of Delafontaine, cannot be doubted. Its indi- 
viduality has, however, been questioned by Lecoq de Boisbaudran and 
Demar^ay (0. R., 1886, 111, 1551). Recently (1893) Bemar^ay 
has declared that no facts proving the complex nature of samarium 
have been established ( G . R., 117, 163) ; Bettendorff has also arrived 
at the same conclusion (Annalen, 256 , 159; 263 , 164). The atomic 
weight of samarium was found by Marignac to be 149*4; by 
Brauner, to be 150 ; by Oleve, as 150*02 ; by Bettendorff, 150*09. 

In the year 1883, Crookes (Roy. Soc. Proc., 35, 76) made the impor- 
tant discovery that the basic sulphates of certain of the rare earths 
become phosphorescent when exposed in a vacuum tube to the electric 
discharge, and that the light so emitted affords characteristic spectra. 
Soon afterwards (1884) Lecoq de Boisbaudran ( G . R, 100, 1437) 
discovered another method of obtaining phosphorescent spectra. If 
the positive pole be immersed in a solution, and the negative pole be 
brought just above its surface, the light which is emitted giveB an 
inversion spectrum nearly related to that of Crookes. In some cases 
these spectra are extremely delicate. They are, however, greatly 
influenced by foreign substances, and in the case of the inversion 
spectrum of Lecoq de Boisbaudran the character of the spectrum 
depends upon whether the spark issues at the centre ot* at the margin 
of the solution. Moreover, the brilliancy of the bands is not related 
to the quantity of the active substance present ; a mixture of a small 
quantity with an inert substance may produce a more brilliant spec- 
trum than the pure substance. 

Crookes subjected (impure) yttria to an extensive series of frac- 
tionations, and found that the bands of the original spectrum became 
distributed among the different fractions. He considered that yttria 
was thus split up into a number of components, or, as he termed 
them, u meta-elements and, on the basis of this observation, he 
advanced his theory of the “ genesis of the elements ” (Chem. Soc. 
1889, 250). The main conclusion was vigorously combated by Lecoq 
de Boisbaudran, who assigned some of the bands to elements in no 
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wise related to yttria, Za and Z/3, of wliioli the former follows 
holmium, and the latter may be identical with terbium (C7. 22., 
102 , 1536; 103 , 627; Bull Soc. Ghim . 3 (3rd ser.) 53). Perfectly 
pure yttria gives no phosphorescent spectrum. 

It has been pointed out that from the didymia of Mosander 
Delafontaine extracted samarium. In the year 1885, another element, 
praseodymium, was separated from didymia by Auer von Welsbach 
(Monatsh., 6, 477). This substance is characterised by the green 
colour of its salts, by its dark brown peroxide, and by its absorption- 
emission spectrum ; its atomic weight is 143*6. It is probable that 
didymia will still furnish new elements. Its spectrum contains a 
band, Z 475, that cannot belong to didymia (Crookes, 0 . 22., 1886, 
102 , 1551; Demar^ay, 0. 22., 104 , 580). Another band, l 462, 
according to Demar^ay, probably belongs to the same element as 
that furnishing l 475, but Crookes believes it to belong to the sama- 
rium series. In the year 1886, Crookes stated that it was possible to 
eliminate band after band from the original didymium spectrum, so 
that only the band l 443 remained (Boy, Soc . Broc., 40 , 563). Kriiss 
and Nilson (Per., 20 , 2134, 3067 ; 21 , 585, 2019), and Kiesewetter and 
Kriiss (Per., 21, 2310), on examining the absorption spectra of earths 
extracted from various minerals, arrived in 1887 at a somewhat similar 
conclusion, not only as regards didymia, but also as regards all other 
earths with absorption spectra. Didymia, freed from samaria and 
praseo-dymia, is said, for example, to contain no fewer than nine 
elements. C. M. Thompson ( Ghem . News , 64, 167 ; Per., 1891, Pep., 
p. 975), however, finds that the absorption spectrum of didymium, 
extracted from various minerals, does not show any difference of 
importance. With respect to the conclusion of Kriiss and Nilson, it 
must be remembered that the observations were made upon materials 
containing several oxides giving absorption bands, and it may happen 
that the intensity of certain hands of a particular element may be 
increased by the superposition of bands belonging to other elements, 
(Schottliinder, Pc?*., 25 , 598). 

This short survey of the chemistry of tlio rare earths may he 
summarised, so far as regards the more important results, as follows: 

A. Elements op the Yttrium-Cerium Groups perfectly 
Characterised. 

Scandium. — Atomic weight 44 ; oxide white ; salts colourless with- 
out absorption spectrum ; spark spectrum rich in lines. 

Yttrium . — Atomic weight 88*9 (0 = 15*963) or 89*02 (0 = 16) ; 
oxide white ; salts colourless without absorption spectrum ; 
spark spectrum rich in linos. 
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Lanthanum, — Atomic tv eight 138*02(0 = 15*963); oxido white; 
salts colourless without absorption spectrum; omission spec- 
trum rich in lines. 

Cerium. — Atomic weight 139*87 or 140*22 ; oxides : Cc^O*, Ce0 2 , 
CcOi; salts of Ce 2 0 3 colourless, without absoiption spectrum; 
salts o£ Ce0 2 orange-coloured. 

Praseodymium. — Atomic weight 143*6 ; oxide greenish- white ; salts 
green with absorption spectrum ; spark speetrum rich in lines ; 
peroxide, Pr 4 0 7 , dark brown. 

Samarium . — Atomic weight 150 ; oxide white ; salts yellow with 
absorption bands ; spark spectrum rich in lines. 

Gadolinium. — Atomic weight 156; oxido white; salts colourless 
without absorption bands ; no spark spectrum (Thalen, 
Bettendorf?); characteristic spaik spectrum (Lecoq do Bois- 
baudran) . * 

Erbium. — Atomic weight 166; oxide rose-coloured ; salts rose- 
coloured with absorption bands ; spark spectrum with few and 
not brilliant lines (Tbalen).f 

Ytterbium. — Atomic weight 173; oxide white; salts colourless, 
without absorption spectrum ; spark spectrum rich in lines. 

B. Elements oe the Yttrium-Cerium Groups not yet 

THOROUGHLY CHARACTE RISEJD. 

JDidymiim (neodymium). — Atomic weight 140*8; individuality 
doubted. 

Terbium . — Atomic weight 163*1 (Lecoq de Boisbaudran, 1886) ; 
salts colourless without absorption spectrum ; peroxide 
brownish-yellow. 

Dysprosium. — Absorption spectrum, according to Lecoq de Bois- 
baudran, 1886, contains the following bands : — Z 451*5, 475, 
456*5, 427*5, and 804 (^) ; Crookes gives l 451*5, but excludes 
the others (Roy. Soc. Proc ., 40 , 502). 

Sohnium . — Salts give absorption bands Z 640*4, 536*3 (Lecoq de 
Boisbaudran). 

Thulium. — Salts give absorption bands Z 684, 464*5. 

Za (Lecoq de Boisbaudran, 1885) follows holmia reversion bands 
Z 573, 476*12; identical with Crookes’ G3 ( C . jR., 1886, 
102 , 890). 

Zfi (Lecoq de Boisbaudran, 1885) reversion bands Z 6205, 585*75 
(double), 543 2, 487 (U. JR., loo. eit .) ; apparently identical 
with Crookes’ G £ and probably terbia. 

* The difference depends on the methods used by the experimenters. 

+ According to Eruss, erbia may be complex. The conclusion cannot, however, 
as yet be considered as proved. 
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Z 7 (Lecoq de Boisbaudran, 188G. 0. IZ., 102, 153) follows holmia 
and Za characterised by its spark spectrum. 

Zc (Lecoq de Boisbaudran, 1892) follows samarium ; spark spec- 
trum lines Z 459*3, 466*2, 462*7 (t Y . R, 119, 575). 

Z{f (Lecoq de Boisbaudran, 1892) follows samarium reversion 
bands Z 611*2 sharply defined, fading away at Z 622 (C. I?., 
119, 575). 

Gra (Crookes, 1886) vacuum band l 482. 

Qt/3 (Ciookes) vacuum band Z 550, 541 ; either terbia or Lecoq’s. 
Z/3 (0. R., 103, 114). 

G 7 (Crookes) vacuum band Z 5G8, 563. 

G 6 (Crookes) vacuum band Z 574 ; probably identical with Lecoq’s 
Za. 

Gc (Crookes) vacuum band Z 597. 

G £ (Crookes) vacuum band Z 619 ; probably identical with Lecoq’s 
Z 0 . 

Gy (Crookes) vacuum band Z 647. 

S3 (Crookes) vacuum band Z 609; gadolinium according to 
Bettendorfi (C. JB., 102, 1464 ; Annalen , 270, 382). 

S 7 (Crookes) vacuum bands Z 456. 

Unknown element with the absorption bands Z 550 and Z 493 in the 
spectrum of impure erbium ; does not occur in thulium, erbium, 
holmium, and dysprosium (Crookes, Roy . Soc. Proc 1886, 40 > 
502). 

Unknown element with the absorption band Z 475 in the didymium 
spectrum (Crookes, O. R., 102, 1551 ; Demar^ay, G . JB., 1 S 8 G > 
102, 1552). 

Unknown element with the absorption band Z 462 in tho old 
didymium spectrum ; according toDemar^ay (C. R., 104, 580)* 
it is the same element as that which gives rise to Z 475. Accord- 
ing to Crookes it belongs to the samarium series. 

Unknown element with tho absorption band Z 434 in tho old 
didymium spectrum (Demai^ay, 0. 12., 1886, 102, 1552). 

In 1801, Hatchett investigated a black mineral found in North 
America, subsequently known as columbite, and discovered in it a 
new element which he called columbium. In 1804, Ekeberg, when 
examining yttrotantalite from Ytterby and tantalite fiom Finland, 
isolated a new metallic substance which he called tantalum. Shortly 
afterwards Wollaston declared that columbium and tantalum were 
identical. Berzelius in 1815 studied tantalic acid which he at first 
formulated as TaO* but subsequently as Ta^Oj. 

In 1640, Wohler examined the acid oxides in pyrochlorc, and made 
known the characteristic blue colour which they give with hydrochloric 



478 


CLEVE : MARIGNAC MEMORIAL LECTURE. 


acid and zinc, and Re also discovered the white volatile oxychloride. 
For nearly 20 years, Heinrich Bose in Berlin, and Rudolph Herman 
in Moscow, occupied themselves with the study o£ the metals of the 
tantalum group. I can only very briefly summarise the results of their 
prolonged investigations. The main conclusion of Bose’s work was to 
show that these minerals contained the elements tantalum, giving the 
oxide Ta0 2 , and niobium, yielding the oxides Nb0 2 (niobie acid, 
formerly known as pelopic acid) and Hb 2 0 3 (hyponiobic acid, 
formerly called niobie add). The chloride corresponding with Nb0 2 
was yellow ; the hyponiobic chloride was the white substance first 
observed by Wohler, and now known to be an oxychloride. Herman 
in 1846 believed there existed another metal, ilmenium , but Rose proved 
that the so-called ilmenic acid was a mixture of oxides of niobium. 
To add to the chaos, Franz von Kobell in 1860 announced the dis- 
covery of still another acid — dianic acid — belonging to this group. 
About the year 1865, however, the subject became clear through the 
independent researches of Marignac and Blomstrand. Marignac 
examined the fluoro-salts, and Blomstrand the chlorides. Both found 
that there existed only two metals in this group, namely, niobium 
•and tantalum, and that the white hyponiobic chloride was an oxy- 
chloride. Blomstrand formulated niobie acid as Nh0 2j and the white 
oxychloride Nb 4 O s Clio< Marignac proved the isomorphism of the 
hyponiobic fluoro-salts with the fluoro-salts of tin and tungsten. He 
found that niobium oxyfluoride was 2STbOF 8 , and that in consequence 
hyponiobic acid became NbjjOs, and that the niobie acid of Rose had 
no existence. These conclusions were verified by the determination 
of the vapour density of niobie oxychloride by Troost and Haute- 
feuille. It was found to correspond with NbOCl s and not with 
Nb 2 Cl 3 . Rose’s chloride of niobium, NTbCl 4 , was in reality HbOl 5 . 
Marignac further established that the formula of tantalic acid was 
TaaO*. 

In 1858, Marignac pointed out that the fluorstannates and fluorsili- 
cates were isomorphous. This fact settled the long discussed question 
of the formula of silicic acid. Prior to that time, silicic acid 
was usually written Si0 3 , but the formula was now definitely decided 
to be Si0 2 . The change was not only of great importance to 
chemistry, but produced a revolution in mineralogy. It marks, 
indeed, a new epoch in the history of that science. 

This research was followed in 1860 by a similar examination of 
the fluoro-salts of zirconium, from which it became evident that the 
■oxide of that element must be Zr0 2 instead of ZrjOs, as hitherto 
supposed. Subsequently Marignac examined the fluoio-salts of boron, 
tungsten, antimony, and arsenic. The research on the fluoro-salts of 
tungsten led to the important discovery of silicotungstic acid, which 
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first directed the attention of chemists to the existence of the im- 
portant class of acids known as the complex mineral acids. 

In examining the compounds of vanadium, Berzelius discovered a 
remarkable silico-vanadium-phosphoric acid. He was also the first to 
note the yellow precipitate which acidified ammonium molybdate 
gives with phosphoric acid, and which was first analysed in 1849 by 
Svanberg and Struve. Marignac’s discovery of silico-tungstic acid 
again directed the attention of chemists to this class of compounds. 
A considerable number of such acids have now been made known by 
the researches of Blom strand, Friedheim, Wolcott Gibbs, Kehrmau, 
Pecbard, Rosenheim, Scheibler, and others; but it is still very 
difficult to give a comprehensive theory of their constitution. It 
may be assumed that the complex acids contain two different 
negative radicles united by oxygen, and that this combining atom of 
oxygen is the residue of a hydroxyl group corresponding with the 
hydroxyl of the alcohols. To this class belongs a considerable number 
of salts formerly considered as double salts, but distinguished by 
abnormal reactions, as the chromo-oxalates, platino-oxalates, and the 
chromo-sulphates recently investigated by Recoura. This class of 
complex acids is very large, and it can hardly be doubted that salts 
of such acids exist in nature. Some natural borosilicates may indeed 
be considered as salts of complex acids ; for instance, tourmaline may 
^(SiOil^s 

be represented as ®\q^q • The rare Norwegian mineral, 

SiO Y 

cappelenite, may be formulated as , and the analogous and 

isomorphous nordenskioldine as Boron, aluminium, and 

yttrium play a similar part in minerals, as may be seen on com- 
paring the following formulae : 


Si^OAlO 

'OH 

Euclobe 


3; £°’ Ca 
"OH 

BaUiolilo. 


Sir-OBO 
. V 


Fe(0 


nSn\ *.(0-Si<°'*») 


Homilite. 


Gadolinite. 


Tt is then probable that many of the natural aluminous silicates may 
be salts of alumina-silico-acids. On the basis of the researches of 
Tschermak, Clarke, and others, we may assume the existence of the 
acids Al(Si 04 H 3 )a and Al(Si 3 0 8 H 3 ) 3 . From the former, we derive an 
anorthite ; from the latter, orthoelase. Salts of these acids are also 
met with in the groups of the micas and zeolites. The first acid 
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gives rise to sucli minerals as garnet, nephelinc, sodalite, topaz, and 
andalusite. We may also conceive tliat ultramarine is derived from tlie 
same acid, since, according to the researches of Brogger and Bickstrom, 

ySiOiNas 

it mav bo formulated as Air— S1O4AI 

\ i0 JNa 

* i AlR-R-RNa 


A certain number of minerals, as leucito and spodumene, are 

SiO Si O- 

derived from Al^g^R > others, as petalite, from Al-^g^^. 

The foregoing examples will serve to show how important the 
study of the complex acids may become as serving to simplify the 
formal© of the silicates, and in so bringing them into natural groups. 

The chemistry of minerals had always great interest for Marignac, 
and he analysed numbers of them during the period from 1840 to 
1851 ; many of these were collected during his travels in the Alps 
with his distinguished friend DosCloiseaux. His account of the 
analysis of ©schynite is noteworthy by reason of the new analytical 
methods employed. 

Analytical chemistry is, indeed, indebted to Marignac for a number 
of methods of quantitative analysis. As an example of the care 
with which these were worked out, I may refer to his paper 
on the analyses of the borates and fluorborates, in which accurate 
processes for the determinations of fluorine and boron, confessedly 
difficult quantitative operations, are given (ZeifocJir. anal . Ohem 1, 
405). 

Geneva is especially associated with the chemistry of ozone, and 
Marignac had his share in proving its true nature. As far back as 
1845, he showed that this substance, contrary to the statements 
of Williamson and Baumert, was free from hydrogen. 

Few of Marignac’s papers were published in English, or found 
their way into our journals through the medium of translations. A 
noteworthy exception, however, occurs in the caso of a paper in the 
PhilosopJiical Magazine for 1846, p. 527, which consists of a somewhat 
trenchant criticism of the well-known papor by Playfair and Joule on 
ct Atomic Volume aud Specific Gravity,’* read before this Society on 
May 17, 1845. Marignac contended that Playfair and Joule’s state- 
ment “ that the volume occupied by an equivalent of any salt whatever 
in solution in water is always an exact multiple of ihe number repre- 
senting the atomic volume of water ” has no foundation in fact, and 
that the experimental evidence adduced by its authors was vitiated 
by the arbitrary manner iu which the temperatures of comparison 
had been selected. Marignac shows that the molecular volume of a salt 
iu solution depends both on the temperature aud on the relative pro- 
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portions of water and salt, and these circumstances cause the volume 
to vary within considerable limits. So long as these influences are 
neglected, or so long as we operate in such manner that they do not 
act in all cases in the same manner, the results obtained cannot be 
compared with one another. Marignac further contended that Playfair 
and Joule’s law “ that the atomic volume of any salt whatever is a 
multiple of 11, or of a number near to 11, or a multiple of 9 8 (the 
molecular volume of ice), or, again, the sum of a multiple of 11 oi of 9*8,” 
has no valid experimental foundation, and that the apparent con- 
cordance between theory and experiment is due to the arbitrary and 
irrational manner in which the factors 9, 8, or 11 were selected. 

Marignac’s criticism on Thau’s paper on “ The Anomalous Vapour 
Density of Sal-ammoniac” (Bihl. univ . Arch, sc . jphys. nat ., 1865, 
22, 5), and liis own communication on “The Latent Heat of 
Vaporisation o£ Sal-ammoniac” (('. B , 1868, 67 , 877), are inte- 
resting as throwing light on the nature of the change which this 
compound suffers on being heated — a question which has now only an 
historical interest, hut which, 30 years ago, was of the highest 
importance in regard to Gerhardt’s extended application of 
the hypothesis of Avogadro. Although no final numerical values 
could be obtained, the numbers which Marignac gives in the latter 
paper can only he explained on the assumption that the substance, on 
volatilisation, was almost completely resolved into its proximate con- 
stituents. It was found that the quantity of heat required to volatilise 
sal-ammoniac is almost exactly the same as would he required, 
according to the experiments of Favre and Silbermann, to decompose 
it. Any other conclusion would imply that sal-ammoniac possessed a 
heat of volatilisation absolutely anomalous when compared with that 
of similar substances, or that scarcely any heat was evolved by the 
union of its elements, that which is observed at the time of its forma- 
tion being only the result of its condensation to the solid state. 
Similar observations by Marignac with sulphuric acid showed that 
the latent heat of volatilisation of this substance was practically equal 
to the heat of decomposition, thus substantiating the hypothesis of 
the decomposition of sulpharic acid by heat advanced by Wanklyn 
and .Robinson as a result of their experiments on the diffusion of its 
vapour. The desire expressed by Marignac for an accurate method 
of measuring the heat concerned in reactions which take place at high 
temperatures, although not actually fulfilled, approaches realisation, 
<*ind we may well hope that the methods employed by Le Chatelier, 
Oallendar, Griffiths, and others, may find speedy application in this 
particular department of thermochemistry. 

Marignac’s most important researches in physical chemistry are. 



482 


CLEYE : MARIGNAC MEMORIAL LECTURE. 


however, concerned with his labours on the nature and process of 
solution. This work, involving the determination of a number of 
thermal magnitudes, was done with the same skill and care which ho 
bestowed upon his stoichiometric work, and it furnishes us with a 
scries o£ numerical data which are of the highest importance in regard 
to the general theory of the subject. 

The publication of Thomsen’s thermochemical researches led 
Marignac to communicate the results of a number of observations on 
the thermal effects produced by the dilution of saline solutions. Ho 
had, in fact, prior to the publication of Thomsen’s work, undertaken 
an investigation on much the same lines, which, however, he was 
deterred from prosecuting, owing to the impossibility of eliminating 
the effects produced by the intervention of the solvent employed, and 
which, he maintains, liad been insufficiently appreciated in researches 
of this character. 

Marignac ascertained that for many salts the effect of dilution 
could be neglected, provided that solutions were used containing at 
most one-fortieth part of the salt ; in other cases, on the contrary, the 
effects were perceptible not in lowering the temperature as the 
dilution increased, but in raising it. Such was the case with sul- 
phuric acid, and with the acid sodium sulphate due to the decomposi- 
tion of this salt by the water. When solutions of two salts which do 
not give rise to double decomposition are mixed, the variation in 
temperature is generally less than that resulting from the mixture of 
these solutions with water; there is usually an evolution of heat when 
two salts are incapable of combining with each other, absorption 
when they can form a donble salt, variations which become, however, 
almost inappreciable in solutions of 1 in 40. Sulphuric acid mixed 
with alkali sulphates gives rise to a considerable absorption of heat. 
In diluting a solution containing two salts incapable of decomposing 
each other, the thermal effect is nearly equal to the algebraic sum of 
the effects which would follow on taking the salts separately. 
Marignac, by studying the interaction of acids and salts, proved that 
the action, chemical or otherwise, varies with the proportion of water 
in which it takes place. The thermal effect is entirely different 
according to the dilution; it even changes its sign in the case of 
sulphuric acid and sodium nitrate. Here, therefore, there is chemical 
decomposition between the mixed salts, and this decomposition 
increases with the proportion of water. The same is the case in the 
donble decompositions of neutral salts, which appear to be the more 
complete the more their solutions are diluted. These phenomena 
would seem to receive their explanation in our modern theories of 
solution. We see that the interdependence between the pressure and 
the stability of a gaseous system, capable of dissociation, has its 
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analogy in a similar interdependence between the osmotic pressure 
and the particular phase of a changeable system in solution. 

In the course of these investigations, Marignac observed the 
following curious anomaly. Supposing we have to dilute solutions 
of 1 in 10 so as to make a mixture of two substances in a solution of 
1 in 80, we may either mix the two solutions of 1 in 10 directly and 
then add seven times the volume of water, or else first dilute each 
solution to 1 in 80 separately, and subsequently mix them. When 
the two methods were actually employed, it was found that the sum 
of the thermal effects was not the same. Marignac eventually dis- 
covered that the explanation was due to the alteration of the specific 
heats of the solutions. His method of measuring the specific heat 
of aqueous solutions consisted in determining the relative weights of 
water and of liquid under examination, that showed the same change 
in temperature on the addition of the same quantity of heat — a 
method which eliminated several external causes of error. Unfortu- 
nately, Marignac was anticipated in the prosecution of his work by 
Thomsen, and only the general results of his experiments were pub- 
lished. 

The difference between the specific heat of a solution and the 
snm of the specific heats of its elements is the proof, and approxi- 
mately the measure, of the work done by the chemical reaction 
cansing the change of temperature of the liquid. It was established 
that dilution always produces contraction. When water is mixed 
with a solution, the coefficient of expansion of the mixture is higher 
than the mean of the coefficient of the two mixed liquids : it follows 
from this that the contraction caused by the mixture diminishes in 
proportion as the mixture is effected at a higher or lower tempera- 
ture, and we may thence conclude that at a temperature sufficiently 
high the dilution of solutions will give rise neither to contraction nor 
to a reduction of specific heat. 

In a subsequent memoir (Bibl. univ . arch 1876, 55, 113), Marignac 
attempted to determine whether the specific heats of saline solutions 
are so connected with the nature of the acid and base that they form 
parallel series, such that the specific heats may be approximately 
calculated (as may be done in the case of densities) when the sepa- 
rate effect of base and acid has been determined in other salts ; or 
whether the specific heat varies from one salt to another from causes 
independent of the nature of acid and base. If the latter alternative 
be established, it becomes necessary to ascertain the relation between 
the variations in specific heat and some other property of the salts, 
in particular their tendency to form definite crystalline hydrates. 
After two years’ continuous labour, during which he frequently made 
as many as a dozen observations a day, he found that the specific 
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heat of saline solutions always increases with the temperature, and in 
proportion to the degree of concentration of the solutions. This 
increase is very rapid in the case of certain solutions, e.g., copper 
sulphate, but the specific heat does not exclusively depend on the 
nature of the acid and base, and has apparently no relation to the 
greater or less tendency of salts to combine with water to form 
definite crystallisable hydrates. It seems rather to be related to the 
existence of definite but dissociated hydrates, the proportion of which 
varies with that of the water and with the temperature. 

In this connection we may refer to Marignac’s work on the solu- 
bility of calcium sulphate in water. Having accidentally observed 
that a solution of this salt contained more of the substance than 
corresponded with its supposed solubility, he was led to find that its 
solubility increases from 0° to 82°, attains a maximum between 32° 
and 41°, and then diminishes. The phenomena of supersaturation of 
calcium sulphate were identical in kind with those observed in the 
case of sodium sulphate. 

When we have regard to the amount of work which has been 
bestowed upon it, no field of research in chemical physics has proved 
less fruitful than that of liquid diffusion. In spite of much laborious 
investigation, the subject remains very much as Graham left it, and 
although a great amount of experimental matter has been accumu- 
lated, few broad general principles, other than those which our first 
President made known, have been obtained. Marignac brought all the 
qualities of patient industry, manipulative skill, and a rigorous sense 
of accuracy to the elucidation of the problem, especially in regard to 
the simultaneous diffusion of mixed substances. He attempted to 
estimate the relative coefficient of diffusion of two salts from 
measurements of their simultaneous diffusion. But the main out- 
come of a prolonged investigation was to establish that the mixture 
of two substances always diminishes the divisibility of the less- 
diffusible of the two. He found that it was immaterial whether 
mixtures of equal weights or mixtures of equivalent proportions were* 
operated upon. The degree of concentration of the solution had 
a variable influence on the relative coefficient of simultaneous 
diffusion, sometimes increasing with increasing dilution, sometimes 
remaining unchanged, and sometimes diminishing as the proportion 
of water to salt is increased. The most important general result is 
that the rates of diffusion of the acids are related to those of the 
metals in such manner that the salts of any specified acid always 
follow in the same order whatever the acid may he, and that all the 
salts of any metal follow in the same order, independently of the 
nature of the metal. The following table shows the order of the- 
diffusion, coefficients. 
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01, Br, I 

F0 3 

C10 8 , C10 4 , Mn0 4 

F 

Cr0 4 

S0 4 

CO, 


H 

K,KH 4 

A g 

Fa 

Ca, Sr, Ba, Pb, Hg. 
Mn, Mg, Zn 
On 
A1 


The analogy which this table manifests to that of the conductivity 
of salt solutions is highly suggestive in relation to our present con- 
ceptions of the true nature of solution (compare Ostwald, Solutions , 
p. 139). 

It is significant of his grasp of principles, and of the logical order 
of his thought, that Marignac, during the memorable dis- 
cussion that took place before the Academic des Sciences, at Paris, 
in May and June, 1877, on equivalency and atomic weights, should 
have taken up a position which is in entire accord with that which 
we occupy at present. His contention, which at that time brought 
him into direct conflict with Berthelot, more particularly in regard to 
the criteria which should guide chemists in the selection of the 
several possible atomic weights that chemical considerations alone 
would serve to indicate, expresses the settled conviction of to-day. 


Modest, patient, and unassuming, transparent in character, and 
honest of purpose, with no other conception of his calling than that 
of pursuing truth for truth’s sake, Marignac lived whollv for 
science, and no man has served her with a purer or more unselfish 
devotion. If the world of science is the poorer by his loss, it is the 
richer by his example. 
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Produits de Taction de Tacide nitrique sur la naphtaline, Bill. temv., 32, 1841, 
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LI . — Action of Nitrosyl Chloride on Amides . 

By William A. Tilden, D.Sc., F.R.S., and Martin 0. Forster, PkJD. 

Acetamide, 0H 8 -0O-NH 2 . — When a current of nitrosyl chloride is 
passed into a solution of acetamide in chloroform at —10°, a precipi- 
tate, consisting of acetamide hydrochloride immediately begins to 
separate. The product from one experiment, when recrystallised 
from a mixture of benzene and alcohol, melted at 132°, and was found 
to contain 23*33 per cent, of chlorine ; the formula (C 2 H/>NH 2 ) 2 HC1 
requires 22*97 per cent, of chlorine. 

A farther action takes place when acetamide, dissolved in excess 
of liquid nitrosyl chloride, remains in sealed tubes at the ordinary 
temperature. The amide is completely decomposed, and on allowing 
the excess of nitrosyl chloride to evaporate, a pale yellow liquid 
remains, consisting of acetic acid with hydrogen chloride in solution. 
The reaction probably proceeds in two stages, thus 

OHe-co-ira* + sroci = ch 8 -coci + h 2 + h 2 o, 

CHyCOCl + H 2 0 = CHyCOOH + HOI. 
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This view is confirmed by the similar behaviour of benzamide. 

Benzamide, CeEkCONHa. — Benzamide, suspended in cold, well- 
dried etber, also gave a precipitate of the hydrochloride. When 
sealed up with liquid nitrosyl chloride, a considerable rise of tem- 
perature occurred on removing the tube from the freezing mixture, 
and the benzamide became dissolved. After allowing the nitiogen 
to escape, and the excess of liquid to evaporate, a residue was 
obtained, consisting of benzoic acid saturated with benzoic chloride. 

Oxamide, C20 2 (NH 2 ) 2 . — Oxamide undergoes no change when sus- 
pended in cold ether and submitted to the action of the gas. Even 
when heated with liquid nitrosyl chloride at 100°, xt remains un- 
altered. 

Oxanilide , or Phenyloscamide, C 2 02(NH‘C 6 H 8 ) 2 . — Oxanilide also 
undergoes practically no change in contact with the reagent. After 
being heated with the liquid for three hours at 90°, the residue 
obtained on evaporation contained a small quantity of chlorine, but 
consisted chiefly of unaltered oxanilide having the same mehing 
point, namely 245°. 

Malonamide , CH^CO-NIIa^. — At common temperatures, malon- 
amide is acted on very slowly by the reagent, a substance which 
behaves as an oxime being formed in small quantity. This is prob- 
ably nitrosomalonic acid, 0(NTOH)(COOH) 2 . It dissolves in alkalis 
with a yellow coloration, and the aqueous solution becomes red on 
adding feme chloride ; when treated with ferrous sulphate and a 
drop of any alkali, a veiy striking, intensely purple coloration is 
produced 

When malonamide is sealed up with liquid nitrosyl chloride and 
heated at 100°, complete decomposition occurs, hydrogen chloride 
and nitrogen being evolved, whilst the residue melts at 132°, and is 
found to consist of malonic acid with a small quantity of malonic 
chloride. The behaviour of malonamide, therefore, under these con- 
ditions, resembles that of all the other amides, excepting oxamide, 
the stability of which is remarkable. 


Oxamic acid, — With liquid nitrosyl chloride in the cold 


no action occurs, but when heated at 100° for about an hour the 
acid is completely converted into pure oxalic acid. 

Carbamide, CO (NH 2 V — When finely powdered urea is allowed to 
fall in small quantites at a time into liquid nitrosyl chloride, brisk 
effervescence occurs, accompanied by rise of temperature. The gases 
when collected over water are found to consist of carbonic anhydride, 
nitrogen, and nitric oxide, the last-named being manifestly due to 
the decomposition of the nitrosyl chloride vapour. If the excoss of 
chloride is allowed to evaporate, a very deliquescent yellow solid 
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remains. This is decomposed by water, with evolution of a small 
quantity of nitrogen ; 0*4994 gram gave 1*6 c.e. of moist nitrogen at 
14° and 738 mm., this amount corresponding to 0*36 per cent. The 
substance also contains 37*4 per cent, of chlorine. It appears, there- 
fore, to consist of urea hydrochloride (which contains 36*78 per cent, 
of chlorine), retaining a small quantity of nitrosyl chloride. 

The primary action probably consists in the formation of carbonyl 
chloride, nitrogen, and water. This view is supported by the corres- 
ponding interaction which occurs in the case of urethane. 

Urethane , C^O'CO'NHjs. — In contact with liquid nitrosyl chloride 
at about — 15°, effervescence takes place, and the escaping gas contains 
carbonic anhydride. On allowing the excess of nitrosyl chloride to 
escape, a yellowish liquid is left, consisting chiefly of ethylio chloro- 
carbonate, C 2 H 5 0*C0C1. 

Glycocine , CH 2 (NH 2 )*COOH. — When glycocine is allowed to fall 
into liquid nitrosyl chloride at temperatures below — 10 °, no change 
takes place ; if, however, dry glycocine is allowed to remain in con- 
tact with liquid nitrosyl chloride for several hours at the ordinary 
temperature, it dissolves completely and nitrogen is evolved. On 
allowing the excess of chloride to evaporate, an oil is obtained, which 
solidifies to a paste of crystals when cooled ; this substance is chlor- 
acetic acid. It melts at 65°, and yields a barium salt which crys- 
tallises from hot water in small, colourless needles, containing 39*9 
per cent, of barium. Another preparation, when dried at 70°, con- 
tained 22*25 per cent, of chlorine. The formula (C 2 H 2 C10 2 ) 2 Ba 4- HaO 
requires 40*05 per cent, of barium and 20*70 per cent, of chlorine; the 
anhydrous salt contains 21*91 per cent, of chlorine. 

Sijppuric arid, CH 3 (NH*C 7 H 6 0) *COOH. — Hippuric acid is not 
acted on by nitrosyl chloride, whether in ethereal solution or when 
sealed up in a tube with the liquid chloride. Even when heated with 
the chloride for two hours at 90° it remains unchanged ; no gas is 
evolved, and the solid residue obtained on evaporation melts at 188°, 
and is free from chlorine. 

Sucdnimide, ^CO >KH ’ and VhtJialimide , C<,H 4 < 0 q>NH. — 

Succinimide and phthalimide are not acted on by nitrosyl chloride 
alike when suspended in chloroform, and when heated at 100 ° with 
the liquid chloride in a sealed tube. Succinimide passes into solution 
and crystallises out ou cooling, bnt phthalimide remains undissolved, 
and undergoes no change, even when heated at 150° with liquid 
nitrosyl chloride. 

Asparagine (ordinary Imorotatory ), 
nitrosyl chloride in a sealed tube, there is no visible action at the 


CHCNH^CONH* 

OH*-COOH 


-With liquid 
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ordinary temperature, but at 40 — 50° evolution of gas takes place, 
and a layer of colourless liquid, evidently strong aqueous hydrochloric 
acid, collects at the bottom of the tube. The crystalline residue 
melts at about 172° ; it is not, therefore, unchanged asparagine. 

In order to operate on a larger quantity of material, 50 grams of 
asparagine were dissolved in hot, strong hydrochloric acid, and sub- 
mitted to the action of a current of the gas; effervescence sot in 
immediately, and soon a copious, white, crystalline precipitate was 
formed. When all action had ceased, this was removed and drained, 
and, after recrystallisation, was easily identified as fumaric acid. On 
evaporating the mother liquor, a crystalline residue was obtained; 
this was very soluble in water, from which it crystallised slowly in 
thick, colourless prisms, melting at about 172°, with evolution of gas. 
Analysis gave the following numbers, which show that the substance 
is a chlorosucciuic acid. 


Calculated for 

Found. C 4 H s G 104 . 

Carbon 31*88 31*50 

Hydrogen 3*25 3*28 

Chlorine 21*94 and 21*98 23*23 


The high melting point of the substance indicates that it is not 
identical with the acid obtained by Anschutz and Bennert by heating 
fumaric acid with hydrogen chloride dissolved in glacial acetic acid 
(Per., 1882, 15, 642). 

When the solution into which the nitrosyl chloride is passed is kept 
cool, a considerable quantity of ammonium chloride is formed. 
Probably, therefore, asparagine is first hydrolysed into aspartic acid, 
-this substance being then converted into chlorosuccinic acid by the 
exchange of the amido-group for chlorine. The production of fumaric 
add is also probably due to the direct action of nitrosyl chloride, 



HH*-CH-COOH _ CH-COOH 
+ OH 2 *COOH ~ OH-COOH 


+ Hr, + H*0 -b HOI, 


and not to the splitting up of preformed chlorosuccinic acid. 

Prom the experiments described, it appears that the primary action 
of nitrosyl chloride on amides consists in the exchange of NH 2 for 01. 
This agrees with the observation of Mr. Titherley regarding the 
action of the same substance on potassamide, as expressed by the 
•equation KNH a + NOC1 = KC1 + N* 4* H 2 0 (Trans., 1894, 65, 
<521). 

The cases of glycocine and asparagine possess an especial interest 
in view of the recent proposal by Professor Sakurai to revive the 
•dosed chain formula for these compounds (Erlenmeyer and Sigel, 
Annaleto) 1875, 176, 349). Glycocine he would represent as 
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h s c-nh s 

00-0 5 

asparagine and aspartic acid as 

0 NHa 0 NH, 

OC-CHa-CH-CONH* OC-CH s *CH-COOH 


respectively (Proc., 1894, 93). As glycocine, however, reacts with 
nitrosyl chloride in the same manner as other compounds which 
undoubtedly are amides, it would appear to have a similar constitu- 
tion. Moreover it would be difficult to explain by Sakurai’s formula 
the production of chloracetic acid from glycocine by this agent, for 
we should expect to see the complete removal of the N'Hs-group by 
N0C1, with formation of N a , H a 0, and HC1, and certainly it would 
be in the highest degree improbable that, in the presence of such a 
reagent, hydrogen should return to the oxygen to reproduce the 
hydroxyl necessary to form an acid. 

As to asparagine, it might be argued that an additive-compound is 
formed, but this hypothesis will not account for the replacement of 
NH 2 by Cl in the production of chlorosuccinic acid. 

The only case observed in which an undoubted amide is not attacked 
by nitrosyl chloride is oxamide. It is possible that this may be ac- 
counted for by the hypothesis that in this compound the nitrogen 


atoms are linked together thus, 


The formula for oxamic acid might be ^ re P re “ 


sentation is inconsistent with the fact that oxamic acid is entirely 
converted into oxalic acid by nitrosyl chloride, doubtless through the 
intermediate formation of the chloride, which reacts with the water 
■simultaneously produced : 


and 


ESra + H0CI 


0G-C1 


= oTh + + H -°- 


oA-OH + HH0 - oA-oh + H0L 
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LII . — Action of Nitrosyl Chloride on Asparagine and 
Aspartic Acid . Formation of Lcevorotatoi'y Chloro - 
succinic Acid . 

By William A. Tilden, D.Sc., F.RS, and B. M. 0. Marshall, 

A.R.C S. 

Two chlorosnccinic acids are known, the one obtained by tbo action 
of hydrogen chloride on fumade acid is optically inactive and melts 
at 152° (Anschutz and Bennert, Ber., 1882, 15, 642), the other formed 
by the action of phosphoric chloride on ordinary malic acid is dextro- 
rotatory and melts at 174° (Walden, B&r., 1892, 26, 215). 

The action of nitrosyl chloride on asparagine having been found to 
result in the production of a chlorosnccinic acid with melting point 
above 170° (preceding paper), it seemed desirable to examine rather 
more in detail the circumstances of its formation and its properties* 
A preliminary examination showed that the acid in aqueous solution 
was lsevorotatory. 

The asparagine used in the experiments had a specific rotatory 
power when dissolved in water [a] D = — 4 80°. It was dissolved in 
about three times its weight of ordinary concentrated hydrochloric 
acid, and the gaseous nitrosyl chloride passed into the solution until 
the liquid was permanently yellow, showing excess. The proportion 
of hydrochloric acid used did not appear to affect the result, but the 
temperature at which the experiment was conducted had a decided 
influence. The products formed are fumaric acid, chlorosuccinic acid, 
and ammonium chloride. The production of ammonium salt proves 
that the amido-group of the asparagine is hydrolysed by the action of 
the acid, and that the substance actually submitted to the action of 
the nitrosyl chloride is chiefly aspartic acid. As ammonium chloride 
at temperatures up to 30° is almost wholly unaffected by nitrosyl 
chloride, the salt accumulates in the solution when the experiment is 
carried on at low temperatures, whilst it is for the most part destroyed 
when the solution is heated. Theoretically, 100 grams of asparagine 
would give 78 grams of fumaric add or 101 grams of monoehloro- 
Succinic acid. 

Four experiments gave the following products calculated for 100* 
grams of asparagine. 

L Solution kept cool ; 28 grams of fnmaric acid, much NH 4 CI and 
a few grams only of chlorosnccinic add. 

II. Temperature about 60° ; 20 grams of fumaric with 40 grams of 
chlorosnccinic acid. 
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III. Boiling; 44 grams of fnmaric witli 9 grams of chlorosuccinie 
acid. 

IV. Solution kept cool at first, then heated to boiling after excess 
of nitrosyl chloride had been introduced; 4 grams of fumaric acid 
with 66 grams of chlorosuccinie acid. 

In all the experiments, there appears to be considerable destruction 
-of material probably owing to the oxidising action of the reagent. 

The solution was in each case evaporated on a water bath, and the 
dry residue treated with the .least possible quantity of cold water, in 
which fumaric acid is but slightly soluble, whereas the chlorosuccinie 
acid is very soluble. The fumaric acid was collected and weighed, 
whilst the filtrate was submitted to slow evaporation and the soluble 
acid crystallised fractionally. It was not found possible to procure a 
specimen entirely free from fumaric acid, notwithstanding the great 
difference in their solubility, owing to the dissociation of the acid into 
fumaric acid and hydrogen chloride. The fumaric acid was identified 
by analysis and by examination of the silver salt, also by reduction 
to ordinary succinic acid. 

Analysis gave the following numbers : 

Experiment I. Calculated. 


Carbon 40*84 41*38 

Hydrogen 3*43 3*46 


The silver salt when heated gives off a puff of gas and leaves a 
•characteristic sooty residue ; the silver was therefore not estimated 
by ignition, but by precipitation as chloride. 

Experiment. Calculated. 

A g 65-01 65-43 

Several samples of chlorosuccinie acid were analysed, but in all the 
percentage of chlorine was below the theoretical. 

The formula, C^CIO*, requires Cl = 23’25 per cent. 

Specimen I left a considerable residue of fumaric add when re- 
dissolved in water; m. p. 169° ; 19" 54 per cent. Cl. 

Specimen II. m. p. 172° ; 21*90 per cent. Cl. 

Specimen HI. m, p. 177° ; 21-08 per cent. Cl, 

Spedmen IV. m. p. 171° ; 21'90 per cent. Cl. 

Specimen IT was used for determination of the rotatory power. 
After recrystallisation by evaporation in a vacuum, the melting point 
was 174°. It seemed impossible to secure a constant melting point, 
inasmuch as fusion of the add is accompanied and probably preceded 
by evolution of hydrogen chloride . The residue after complete fusion 
continues to give off gas and finally leaves a solid infusible residue of 
fumaric acid. 

A silver salt was prepared by adding silver nitrate in excess to an 



496 


PERKIN AND GrELDARD : 


aqueous solution of tlie acid, filtering to remove a trifling precipitate 
of chloride and then exactly neutralising by solution of ammonia. It 
forms a white granular precipitate which is very slowly discoloured 
by exposure to day-light and is very easily soluble in ammonia and 
in nitric acid. It gave 58*49 per cent, of silver instead of 58*93 the 
percentage required by the formula. A copper salt similarly prepared 
forms a pale blue precipitate resembling cupric succinate. 

Z-Chlorosaccinic acid crystallises in hard and lustrous short prisms, 
the form of which is not yet determined. 

The rotatory power determined by means of a Laurent half shade 
polarimeter, using a solution in water containing 9*3 grams in 100 
c.c. of solution, and at a temperature of 19°, was found to be [a]© =s 
—19*67°. The values given by Walden for the corresponding dextro- 
rotatory acid were [«]d — + 20*6° for a solution containing 16 grams 
and 4*20*8° for a solution containing 6*4 grams per 100 c.e. 


LIII . — A Constituent of Persian Berries. 

By A. G-. Perkin, F.R.S.E., and J. Geldabd. 

Persian berries, as is well known, are the fruit of various species of 
Rhamnus, such as B, infectoria , tinctoiia, <&c., and are used for the 
production of a useful yellow colour upon various fabrics. 

By the investigations of Gellatly (Jaftr., 1858, 474), Kane (Berz. Jahr 
24, 505), and subsequently Schutzenberger ( Jahr ., 1868, 774), these 
berries were shown to contain a crystalline glucoside, named xantho- 
rhamnin, or o-rhamnegin. This glucoside, when boiled with dilute 
acids (Liebermann and Hormann, Annalen, 1879, 196, 307), is decom- 
posed into isodulcite and a colouring matter, rhanmetin, to which the 
formula CbHmO* was assigned. Somewhat later Herzig (Monatsh., 
9, 548 — 561) found that by the action of hydriodio acid on rham- 
netin it yielded methylic iodide and quercetin, the colouring matter of 
quercitron bark, and from these results it appeared, therefore, to be a 
quercetin dimethyl ether, quercetin being then considered to have 
the formula C^H^Ou- More recently the same author (MonatsJi., 12, 
172—176) has shown that quercetin is most probably represented as 
C15H10O7, from which it follows that rhanmetin is a quercetin mono- 
methyl ether, CigH^O?, A further proof of this relationship is 
afforded by the fact that quercetin and rhamnetin yield respectively 
a pentacetyl and a tetraeetyl compound. That rhamnetin could not 
be considered the sole colouring matter of Persian berries was indi- 
cated by Lefort (Jahr., 1866, 650), and subsequently by Schutzenberger 
(loCw c&£.). This latter chemist extracted from Persian berries two 
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glucosides, namely, a-rhamnegin (xanthorhamnin), which, by decom- 
position with acids, yielded rhamnetin, and jS-rhamnegin yielding in 
a similar manner a colouring matter, differing from rhamnetin, in 
that it was more soluble in alcohol and acetic acid ; this he named 
^-rhamnetin. Herzig ( Monatsh ., 10, 561 — 567), who examined this- 
subject, extracted from Persian berries a glucoside which differed 
from xanthorhamnin in that the colouring matter formed by the action 
of acids gave an acetyl derivative which melted at 169 — 171°, acetyl- 
rhamnetin itself melting at 183 — 185°. He separated this colouring 
matter by means of alcohol into rhamnetin and quercetin, and there- 
fore considered the glucoside from which they were derived to be a 
loose double compound of xanthorhamnin and a glucoside of quercetin. 
This he named rhamnin. It thus appeared that the j3-rhamnetin of 
Schutzenberger was identical with quercetin. 

During the study of certain acid compounds of the natural yellow 
colouring matters, an account of which by one of us and Mr. L. Pate 
will be shortly communicated to the Society, it was necessary to pre- 
pare some quantity of rhamnetin. For this purpose, we applied to 
Messrs. Sordes, Huillard, and Co., who very kindly gave us some 
quantity of a product prepared by them, and known as “ rhamn^tine.’** 
To purify this substance, it was extracted with a large volume of 
boiling alcohol, in which it was very sparingly soluble, the extract 
evaporated to one-fourth its bulk, and the yellow mass which sepa- 
rated out on cooling was recrystallised. An examination of this purified 
product revealed the fact that it consisted of two substances, namely, 
rhamnetin, and a second substance more readily soluble in acetic acid. 
To isolate the latter, the yellow mass was made into a thin cream with 
acetic acid, and the mixture boiled and rapidly filtered. The orange- 
brown filtrate, on cooling, deposited yellow needles contaminated with 
some gelatinous matter; these were collected and recrystallised from 
the same solvent. Beciystallisation from acetic acid did not entirely 
remove the gelatinous impurity, but a final recrystallisation from 
toluene was effectual. The product, which formed a glistening mass 
of pale yellow needles, melted at 214 — 215°, and could be neither 
quercetin nor rhamnetin, as these both melt with decomposition above 
280°. 

It was subsequently found that by extracting the commercial 
rhamnetin with 10 times its volume of boiling toluene for about six 
hours, this new substance could be more rapidly isolated. The 
extract, on cooling, deposited brown needles, which were collected, more 
being obtained on evaporating and cooling the filtrate. The product 
was purified by crystallisation from acetic acid and toluene, with the 
aid of animal charcoal. 

On analysis the following numbers were obtained. 
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0 1238 gave 0*2811 C0 2 and 0 0468 H 2 0. 0 = 61*92. H = 4 20. 

C17H14O7 requires C = 61*82 ; H = 4*24 per cent. 

This substance, for which the name rhamnazin is proposed, forms 
a ma«*s of yellow needles, somewhat resembling anthraquinone, and of 
considerably larger size and greater beauty than those obtained from 
quercetin and rhamnetin by the usual methods. When heated, it 
melts at 214 — 215° with slight decomposition, and when destructively 
•distilled yields a small quantity of a crystalline distillate, which 
appears to consist of unchanged substance. Numerous preparations 
all melted at the same temperature. It is moderately soluble in boiling 
toluene, a property which distinguishes it from both quercetin and 
rhamnetin, moderately soluble in boiling acetic acid, but less so 
than quercetin, and very sparingly soluble in alcohol, m which 
it resembles rhamnetin, which, however, is very sparingly soluble also 
in acetic acid. It crystallises from acetic acid in lustrous, yellow 
needles, which, on drying at 100°, become opaque, with loss of one 
molecule of acetic acid of crystallisation. 

0*6675 substance air dried lost at 100° 0*1030 gram. CjHaOa = 
15*43. 

CnH u 0 7 , C 2 Hi02 requires C 2 H 4 0 2 = 15*38 per cent. 

Rhamnazin dissolves in alkalis forming orange-red solutions, which, 
on treatment with lime water or baryta water, yield orange-red inso- 
luble precipitates. An insoluble lead compound of the same colour 
is obtained on adding lead acetate to an alcoholic solution of the sub- 
stance. The alcoholic solution is coloured olive-green by ferric 
•chloride. 

Action of Acetic Anhydride . — Ono gram of the substance, grams 
of anhydrous sodium acetate, and 3 grams of acetic anhydride were 
digested at the boiling temperature for one hour ; the mixture was 
then treated with water and allowed to stand 24 hours, with occa- 
sional stirring. The nearly colourless powder thus obtained was 
•collected, washed with water, drained upon a porous tile, and dried 
at 100°. After rinsing with a little ether, it was purified by two or 
three crystallisations from alcohol. 

0*1394 gave 0*3102 CO a and 0*0545 H a O, 0 = 60*68. H - 4*34. 

Cx 7 H u O 7 (C 2 H s 0) 8 requires 0 = 60*53 ; H = 4*38 per cent. 

It consisted of a colourless mass of glistening needles melting at 
154 — 155°. Acetylrhamnetin melts at 183 — 185 ; acetylquercetin at 
189 — 191°. Cold aqueous solutions of the alkali hydroxides do not 
dissolve it, but on boiling it is decomposed, with formation of a yellow 
solution. 

Action of Benzoyl Ohhride . — The benzoyl derivative of rhamnazin 
was prepared by the method of Baumann and Schotten, using a 10 per 
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cent, solution of caustic soda ; the colourless, viscous precipitate pro- 
duced was collected upon calico, washed first with dilute, caustic soda 
solution, and then with water, drained upon a porous tile, and dried 
over sulphuric acid. It was obtained pure by crystallisation from 
acetic acid. 

0*1146 gave 0*2977 CO a and 0-0412 H 2 0. C = 70-84; H = 3*99. 

C 17 H u 0 7 (C 7 H*0)s requires 0 = 71*02 ; H = 4*05 per cent. 
0i 7 Hi30 7 (0 7 H50) 2 ., 0 — 69*12 ; H — 4*09 ,, 

It was evidently therefore a tribenzoyl derivative, and the pre- 
ceding substance consequently a triacetyl derivative. From acetic 
acid, in which it is very sparingly soluble, it is deposited in minute, 
colourless needles melting at 204 — 205°. 

Action of Bi omine . — Finely powdered rhamnazin, made into a thin 
paste with acetic acid, was treated with rather more than the theo- 
retical quantity of bromine necessary for the formation of a dibromo- 
derivative. The action took place somewhat slowly, so that the 
mixture was allowed to stand for 48 hours, with occasional stirring, 
and the yellow product, after washing with glacial acetic acid, was 
crystallised from a large excess of the same solvent ; the fine hair-like 
needles which separated on cooling were collected, washed with 
acetic acid, and dried. This substance was more rapidly produced 
by heating rhamnazin, suspended in carbon bisulphide, with bromine, 
at 100° for six hours. 

0*1450 substance gave 0*1884 AgBr. Br = 32*75. 

C 17 Hi20 7 Br 2 requires Br = 32*78 per cent. 

It forms a silky mass of pale, yellow needles, very sparingly soluble 
in alcohol and in acetic acid. When heated, it begins to decompose 
at 250°, before melting. 

Action of Hydriodic acid . — To determine if rhamnazin contained 
methoxy-groups, it was treated with hydriodic acid in ZeiseTs appa- 
ratus in the usual manner. 

0*2840 gave 0*4030 Agl. OH$ = 9*06 per cent. 

Ci5H 8 0 6 (OCH,) 2 requires 0H 3 = 9*09 per cent. 

It therefore contained two methoxy-groups. Ihe residual hydri- 
odic acid, in which a crystalline product was suspended, was treated 
with water, collected upon glass wool, washed with watei*, and crys- 
tallised from dilute alcohol. It formed a mass of fine yellow needles, 
readily soluble in alcohol. 

0*1283 dried at 160° gave 0*2790 C0 2 and 0*0374 H*0; 0 = 59*3 ; 

H = 3*24. 

Ci 6 H 10 O 7 requires 0 = 59*60; H == 3*31 per cent. 

This substance had the reactions of quercetin, and to confirm this 
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fact it was converted into its acetyl derivative by beating wiib 
anhydrous sodium acetate and acetic anhydride in the usual manner. 
A product was obtained which crystallised from alcohol in colourless 
needles melting at 189 — 191°, and evidently consisted of penbacetyl- 
quercetin. 

Rhamnazm is consequently a queicetin dimethyl ether , which result 
is in accordance with its formation of triacetyl and tribenzoyl 
compounds. 

Dyeing Properties . 

Experiments were instituted on the dyeing properties of rhamnazin, 
using striped, mordanted calico, dyeing at the same time with equal 
weights of quercetin and rhamnetin for comparison. The results 
were interesting, for although quercetin and rhamnetin both dyed 
readily, rhamnazin, on the other hand, showed but faint indication of 
dyeing power, the iron mordant being coloured a pale brown, and 
the alum mordanted portion showing only a faint yellow tinge. 
These results were not affected by the addition to the bath of 4 per 
cent, of acetate of lime, calculated on the weight of colouring matter 
employed. That this could not be due to a difference in solubility 
was evident, for rhamnetin is more insoluble than rhamnazin. 

Quercetin, being a colouring matter, must be considered to have at 
least two hydroxyl groups in the ortho-position relatively to one 
another, and the above dyeing results point to the fact that in 
rhamnazin or quercetin dimethyl ether a methoxy-group is sub- 
stituted for one at least of these two hydroxyl groups ; the second 
methoxy-group present may possibly occupy a position similar to 
that contained in rhamnetin. 


The rhamnazin used in the above experiments was obtained fyom 
the commercial product “rhamnetine, ,, and as we had no information 
as to the method by which the latter was prepared from the berries, 
it appeared desirable to make some experiments, starting direct from 
Persian berries themselves. It has long been known that if a cold 
aqueous extract of Persian berries be heated to 30 — 40°, a yellow 
powder is quickly deposited, due to a glucoside decomposition, and 
that this is probably cansed by a peculiar ferment has been shown by 
Ward and Dunlop ( Annals of Botany , 1889). The ground berries 
contained in a calico bag were placed in about ten times their bnlk 
of water at 40° ; an orange-brown liquid was thus produced, from 
which a yellow powder soon separated, and when this precipitate no 
longer increased in, quantity and had settled, the clear liquid was 
removed by decantation, and placed aside for subsequent examination. 
The yellow precipitate was collected, washed with water, and dried 
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at 100°. By digesting this product with boiling toluene, an extract 
was obtained, which, on cooling, deposited brown needles ; these were 
collected and purified by crystallisation from acetic acid and toluene. 

0-1263 gave 0*2870 CO* and 0*0510 H a O. C - 61*97 ; H = 448. 

C 17 H u 0 7 requires C = 60 86 ; H = 4* So per cent. 

The substance crystallised in yellow needles melting at 214 — 215°, 
and was identical with the rhamnazin previously described. The 
residue that had been already extracted with toluene was crystallised 
from a large bulk of boiling alcohol, the mother liquor being reserved 
for examination. It was further purified by two or three crystallisa- 
tions from acetic acid with the aid of animal charcoal. 

0*1262 dried at 160° gave 0 2818 CO a and 0*0435 H a O ; C = 60 89 : 
H = 3*83. 

Ci b H 12 0 7 requires C = 60*75 ; H = 3*70 per cent. 

This product appeared as a glistening ma&s of fine, yellow needles, 
which melted above 280°, and were most sparingly soluble in alcohol 
and acetic acid. It was evidently rhamnetin* 

The alcoholic mother liquors obtained during the purification of 
the rhamnetin were evaporated to one-fourth their bulk, allowed to 
stand 48 hours, and the small quantity of rhamnetin which had then 
separated was filtered off, and the filtrate evaporated to a very small 
bulk. The crystalline product deposited on cooling was collected, 
and purified by crystallisation, first from dilute alcohol, and finally 
from a mixture of ether and chloroform. There was thus obtained 
a glistening mass of minute, yellow needles melting above 280°, 
readily soluble in alcohol and acetic acid, and having all the reactions 
of quercetin . The amount of this substance accompanying the rham- 
nazin and rhamnetin in the yellow fermentation product is extremely 
small. 

The brown, aqueous filtrate from which the mixed rhamnetin, 
rhamnazin, and quercetin had been deposited by fermentation, when 
boiled with the addition of dilute sulphuric acid and cooled, deposited 
some quantity of a greenish-yellow precipitate, which was collected, 
washed, and dried. This product, being readily soluble in alcohol, 
was recrystallised twice from this solvent, and to obtain it in a finely 
divided condition it was dissolved in hot dilute ammonia, and repre- 
cipitated with acid. It was purified by crystallisation from a mixture 
of ether and chloroform, aud dried at 160°. 

0*1185 gave 0*2593 CO a and 0*0365 H a O. O = 59*67; H = 3*42. 

CifiHioO? requires 0 = 59*60 ; H = 3*33 per cent. 

Crystallised from dilute alcohol, it appeared as a glistening mass o£ 
minute yellow needles, readily soluble iu alcohol and acetic acid. Its 
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acetyl derivative, obtained in tlie usual manner, consisted of colour- 
less needles melting at 189 — 191°. It was therefore quercetin . A 
considerable quantity was obtained in this manner. 

These results are interesting, and show that xanthorhamnin, 
together with the unknown gin coside of rhamnazin, are readily 
decomposed at 40° by the ferment present in the berries. This, on 
the other hand, exerts but little influence on the glucoside of querce- 
tin (quercitrin ?) which is also present. 

The colouring matters obtainable from Persian berries are therefore 
rhamnetin or quercetin monomethyl ether , C16H12O7, lhamnazin or 
quercetin dimethyl ether , C 17 H 14 O 7 , and quercetin, C 15 H 10 O 7 , itself. 

That rhamnazin cannot be considered to be Schutzenberger’s 
i 8 -rhamnetin is clear, on account of its sparing solubility in alcohol, 
and it appears evident therefore that ^-rhamnetin must be quercetin, 
as already indicated by Herzig (loc. dt .). It is our intention to con- 
tinue the study of Persian berries, with the hope of isolating from 
them the glucosides of rhamnazin and quercetin. The decomposition 
products obtained from rhamnazin by the action of various reagents 
are also undergoing investigation. 


Clothworkers* Besearch Laboratory , 
Dyeing Department , 

Yorkshire College. 


LIY . — Paraheptotoluene and its Derivatives. 

By P. Starlet Kipping, Ph.D., D.Sc. and 0. F. Bussell. 

In a recent paper ( Trans 1894, 65, 480), it was shown by one of us 
that phenyl propionic chloride may be directly converted into hydrin- 
done by the action of aluminium chloride, and that under suitable 
conditions this process affords an excellent method for the preparation 
of this ketone. As this was the first case in which an action of the 
kind had been studied and, as it appeared desirable to extend its appli- 
cation, experiments with other acid chlorides were commenced, and in 
the first place the action of aluminium chloride on heptoic chloride 
was investigated. This particular compound was chosen, not so much 
because it seemed the one most likely to undergo the desired change, 
but because, if it had done so, and had led to the formation of methyl- 

ketohexamethylene, CH 3 *CH<qq* q^>CH 2 , or of ethylketopenta- 

CH »Qtt 

methylene, CH 3 ‘CH 2 # CH as seemed possible, the results 

would have been of considerable interest. 
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The first experiments were not successful ; for although on warming 
heptoic chloride with aluminium chloride a very vigorous action 
occurred, and dense fumes of hydrogen chloride were evolved, most 
of the acid chloride was ultimately recovered in the form of heptoic 
acid and only a very small quantity of a neutral oil was produced ; this 
oil, moreover, was evidently of a complex character and no definite 
compound was isolated from it. As, however, the previous investi- 
gation of this reaction in the case of phenylpropionic chloride had 
shown that so much depended on the conditions under which the 
substances are brought together, these unsatisfactory results were 
not taken as conclusive, and one of us (Russell) undertook a series 
of experiments to ascertain the effect of a change of temperature and 
of using different diluents; it was thus found that when “light 
petroleum ” boiling at 100 — 110° was employed as a diluent a con- 
siderable proportion of the heptoic chloride was converted into a 
neutral oil, from which a crystalline compound was ultimately iso- 
lated by fractional distillation. This product was found to be a 
ketone of the composition C14H20O, and at first we thought that it had 
been formed from the heptoic chloride in accordance with the equa- 
tion 2C e Hi S ‘COCl = C u H 20 O + 2HC1 + H a O + H 2 . 

Further investigation, however, proved it to be a paraheptotoluene 
of the constitution CH 3 - OgH^-C 0 • [ CH 2 ] 6 * C H 3 , and it was finally ascer- 
tained that its formation under the conditions mentioned above was 
due to the fact that the “ light petroleum ” used as a diluent acci- 
dentally contained toluene. 

In this paper, therefore, we simply give an account of various com- 
pounds, which were prepared and analysed in the course of these 
experiments, and which have not hitherto been described ; the original 
object of this investigation, namely the conversion of heptoic chloride 
into a ketone by the elimination of hydrogen chloride, has not been 
attained, and as it has recently come to our knowledge that Combes 
has already succeeded in preparing triethylphloroglucinol from 
butyric chloride under similar conditions {Corrupt rend., 1894, 118, 
1336), further experiments will not be made. 

Having had at our disposal a considerable quantity of parahepto- 
toluene, we have investigated its behaviour with phosphoric anhydride 
and found that at its boiling point the ketone is converted into a 
hydrocarbon of the composition CiJEIis ; this compound has probably 

the constitution CH S *\^ but, as its further 

study had to be abandoned, we cannot put forward any very conclusive 
evidence in support of this view. 

In the course of these experiments, laurobenzone 
CaH5-CO-[CH a ] 10 -CH 3 
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was also prepared in order to try and convert it into a hydrocarbon 
similar in constitution to tliat obtained from paraheptotoluene ; this 
compound was also acted on by phosphoric anhydride but the hydro- 
cai'bon thus produced was not obtained in a state of purity. 

Preparation of Heptoic Gliloride. 

Heptoic chloride is easily prepared by mixing the acid (100 grams) 
with the theoretical quantity of phosphorus pentachloride (160 grains), 
the application of heat not being required to complete the action. Care 
is necessary in distilling off the phosphorus oxychloride as, under 
ordinary atmospheric pressure, a considerable quantity of a black 
tarry residue may be produced if operating with large quantities. 
For this reason it is best to fractionate under a pressure of about 
350 mm. at first ; the portion passing over between 90 and 100° con- 
sists of almost pure oxychloride, but that collected between 100 and 
130° contains a little heptoic chloride and is redistilled in a subsequent 
operation ; as soon as the thermometer rises to about 130°, the pres- 
sure is lowered to about 90 mm., whereupon the remainder of the acid 
chloride passes over at 108 — 110 c without bumping. The yield is 
about 95 per cent, of the theoretical. 

Heptoic chloride is a moderately mobile oil, having an excessively 
disagreeable and irritating odour ; it seems to be readily decomposed 
by water. 


Paraheptotoluene, CH 3 'C 6 Hi*CO [CH 2 ] 5 *CH 3 . 

For the sake of comparison with the ketone which, it was at first 
thought, had been produced from heptoic chloride aloue, some para- 
heptotoluene was afterwards prepared by a simpler method, namely 
by treating pure toluene with heptoic chloride in presence of alu- 
minium chloride, a reaction which has been previously employed by 
Krafft for the px*eparation of various ketones of this kind (Her., 1885, 
19,2982; 1887,21,2266). 

Heptoic chloride (35 grams) was mixed in a large flask with a 
slight excess of the theoretical quantity of toluene, aluminium chloride 
(about 50 grams) added, and the flask connected with a reflux 
apparatus* Action commenced almost immediately at ordinary tem- 
peratures, and continued vigorously for about 5-—8 minutes, after 
which time the evolution of hydrogen chloride slackened ; the flask 
was then heated on a metal hath for about 20 — 25 minutes to complete 
the action. The dark brown product was allowed to cool, carefully 
treated with water, and the sopernatant oil — which had partially 
solidified — extracted with ether ; after washing well successively with 
sodium carbon ate solution and water, the ethereal extract was dried, 
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the ether evaporated, and the residual oil distilled under the ordinary 
pressure ; as soon as a small quantity of toluene had passed over, the 
thermometer rose at once to 297°, at which temperature practically 
the whole of the paraheptotoluene distilled as a pale yellow oil, which 
on cooling solidified to a mass of colourless crystals. The yield was 
about 90 per cent, of the theoretical. 

This ketone was found to be identical with that obtained in the 
earlier experiments in which the impure “ light petroleum ” had been 
used ; analyses of the first preparations gave the following results. 

0*1590 gave 0*4792 CO a and 0*1463 H a O. C = 82*2 ; H = 10*2. 
0-1568 gave 0*4715 C0 2 and 0*1415 H s O. C = 82*0 ; H = 10*0. 

C 14 H 20 O requires O == 82*3 ; H = 9*8 per cent. 

Paraheptotoluene (hexyl paratolyl ketone) crystallises in colour- 
less, waxy plates, melting at 42 — 43° ; it dissolves freely in all ordinary 
organic solvents, and is best recrystallised from dilute alcohol or 
acetone. When a few drops of bromine are added to a solution of 
the pure ketone in dry chloroform, cooled to 0 °, a brown coloration 
is produced, but no evolution of hydrogen bromide occurs ; even after 
keeping for some time and then allowing the solution to evaporate at 
ordinary temperatures, the ketone is recovered unchanged ; if, how- 
ever, it be treated at ordinary temperatures with bromine without 
using a solvent, action takes place slowly, and a yellowish, oily, brown 
derivative is formed. 

Paraheptotolnene is slowly oxidised by boiling dilute nitric acid, 
yielding a crystalline product which consists of a mixture of tereph- 
thalic and paratoluic acids ; the terephthalic acid was identified by 
its characteristic properties, by analysis, and by conversion into its 
ethylic salt (m. p. 43*5 — 44°) and methylie salt (m. p. 138°) ; the 
paratoluic acid was not analysed, but it was identified by its ordinary 
properties and by the fact that it was converted into terephthalic acid 
on oxidation with alkaline potassium permanganate. The ketone is 
only very slowly oxidised by a boiling aqueous solution of potassium 
permanganate, but in this case the solid oxidation product consists 
ouly of terephthalic acid. 

Faraheptotohieneacime , Cn 3 *C 6 H 4 , C(K’OH)*[CH 2 ] {i , CH I1 . 

Before it had been ascertained that the ketone described above 
liad been produced by the interaction of heptoic chloride and 
toluene, its oxime was prepared and treated with concentrated sul- 
phuric acid ; the substitnted amide thus obtained was then hydro- 
lysed with dilute sulphuric acid and the products examined. As 
these proved to be heptoic acid and paratoluidine, the substituted 
amide must have had the constitution CH 3 *C 6 H 4 *NH* 00 *[CH 2 ] 5 -CHj, 
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and consequently tie original ketone must have been parahepto- 
tolnene. 

Tie oxime "was prepared by treating the pure ketone with 
hydroxy lamine hydrochloride and excess of soda in aqueous alcoholic 
solution at the ordinary temperature ; after evaporating the alcohol, 
the oily product was extracted with ether and the dried, filtered 
extract evaporated. A portion of the oil which had been kopt over 
sulphuric acid under reduced pressure was analysed. 

0-1591 gave 0*4400 C0 2 and 0-1434 H*0. 0 = 75*4 ; H * 10-0. 

0*1962 „ 10*8 c.c. of moist nitrogen at 16° and 765 mm. IT = 

6*75 per cent. 

C 14 H 21 NO requires 0 = 76*71. H = 9*59; IT = 6*39 per cent. 

Paraheptotolueneoxime is a rather thick oil, insoluble or nearly 
so in water, but slightly soluble in potash ; it dissolves freely in the 
ordinary organic solvents, and it interacts readily with acetic chloride 
with development of heat ; it is also soluble in concentrated sulphuric 
acid. 


Farah&ptotoluidide , CHa'CeH^NH-CO* [CHJs'CHa. 

The conversion of the oxime into the isomeric substituted amide 
was readily accomplished , by warming it on the water bath with four 
times its weight of concentrated sulphuric acid for about 10 minutes ; 
when the operation was continued much longer, the solution 
darkened, traces of sulphur dioxide were evolved, and the product was 
coloured. After pouring the solution into a large volume of water, 
the amide, which was first precipitated as an oil but rapidly 
solidified, was separated by filtration and recrystallised from alcohol. 

0*1813 gave 0*5063 C0 2 and 0*1588 H 2 0. C = 76*2; H = 9*7. 

C 14 H 21 hTO requires 0 = 76*7. H =s 9*6. 

Paraheptotoluidide crystallises from hot dilute alcohol in colour- 
less, transparent, rather waxy plates, and from a mixture of ether 
and light petroleum in concentrically grouped needles ; it melts at 
78 — 79°, and dissolves freely in all ordinary organic solvents with 
the exception of light petroleum, in which it is only moderately easily 
soluble. 

On hydrolysis with moderately concentrated ( 1 : 1 ) boiling sul- 
phuric add, paraheptotoluidide is resolved into its components, 
heptoic acid and paratoluidine ; the base was identified by analysis 
by comparison with a sample of paratoluidine, and by converting it 
into acetoparatoluidide. Some paraheptotoluidide was also prepared 
by warming paratoluidine with heptoic chloride ; this preparation 
was found to be identical with that obtained from the oxime of para- 
heptotoluene. 
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Hydrocarbon , Oi 4 H 18 . 

It has already been mentioned that a hydrocarbon of the composi- 
tion CiJETje may be obtained by heating paraheptotolnene with phos- 
phoric anhydride ; the following is the method employed. 

The pnre, dry ketone, in quantities of about 10 grams at a time, 
was heated to boiling in a flask provided with a reflux apparatus, 
and rather more than one molecular proportion of phosphoric anhydride 
gradually added, the contents of the flask being vigorously shaken 
after each addition in order to prevent the anhydride from caking at 
the bottom of the vessel; after boiling for about 25 minutes and 
then allowing to cool, the very dark mass was treated with water 
and submitted to distillation in steam. The oil in the distillate was 
separated, dried, and fractionated under ordinary atmospheric pres- 
sure ; 41 grams of the crude product, which had been obtained from 
60 grams of the ketone, yielded the following fractions : — Below 260 3 
(5 grams), 260—265° (22 grams), 265—270° (8 grams), 270—278° 
(6 grams). The second and third fractions were again distilled, and 
Anally a considerable quantity of an oil boiling constantly at 
260 — 262° was obtained ; this product was analysed with the follow- 
ing results. 

0*1447 gave 0*4765 C0 2 and 0*1336 H 2 0. C = 89*8; H = 10*2. 
0*1443 „ 0*4728 C0 2 and 0*1310 H 2 0. C = 90*0 ; H = 10*2. 

C W H 18 requires G = 90*3. H = 9*7. 

This hydrocarbon was of a pale yellow colour, and showed a faint 
violet fluorescence, probably due to traces of impurity ; it did not 
solidify when cooled to 0°, and was more mobile than the ketone 
from which it was derived ; it had a faint odour recalling that of 
petroleum. 

Several experiments were made in the hope of obtaining some 
evidence in favour of the constitutional formula suggested above, 
and although the results were by no means conclusive, they certainly 
indicated that the hydrocarbon was not an unsaturated componnd of 
the constitution CH 3 *0 6 Er4'0:0*[CH 3 ]4'CHa. When, for example, the 
hydrocarbon was dissolved in chloroform, the solution cooled in a 
freezing mixture, and a cold chloroform solution of bromine cau- 
tiously added, a rapid evolution of hydrogen bromide set in long 
before one molecular proportion of the halogen had been run in, only 
the first few drops being immediately decolorised; the products 
obtained in various experiments of this kind, employing different 
quantities of bromine, did not crystallise, and were not analysed. 
Towards oxidising agents also, the hydrocarbon did not behave as if 
it contained an acetylenic linking as it was comparatively slowly 
acted on ; when boiled with dilute nitric add, it was converted into 
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terephthalic acid and a yellow, resinous product from which no 
definite compound was isolated; similar results were obtained on 
employing an alkaline solution of potassium permanganate. 

Laurobenzene , 0 6 H5*CO*[CH 2 ]io*CH3. 

Laurobenzene was easily prepared by treating lauric chloride with 
benzene and aluminium chloride under conditions similar to those 
employed in the case of paraheptotoluene ; the lauric chloride used 
for this purpose contained phosphorus oxychloride, as it was found 
inexpedient to separate the whole of the latter owing to the darken- 
ing which occurred during the fractional distillation after about four- 
fifths of the oxychloride had passed over. 

The dark product obtained after heating the benzene solution of 
the acid chloride with aluminium chloride until the evolution of 
hydrogen chloride was practically at an end was repeatedly treated 
with water to dissolve out the aluminium chloride and the pasty mass 
was then shaken vigorously with warm, concentrated potash ; after 
allowing it to settle, the solution of potassium laurate was siphoned 
off from the semi-solid, supernatant layer of laurobenzene. This 
treatment having been repeated several times, the laurobenzene was 
dissolved in ether, the solution washed with potash and water suc- 
cessively, dried, and evaporated ; the oily residue rapidly solidified, 
and, after having been spread on porous earthenware, was purified 
by recrystallisation from alcohol. 

Laurobenzene crystallises in colourless, rather waxy plates melt- 
ing at about 47° ; it is readily soluble in cold petroleum, efchylic 
acetate, and other organic liquids, but insoluble in water. 

When laurobenzene was heated with phosphoric anhydride, it 
rapidly darkened, but, even after boiling it with a slight excess of 
the anhydride for about 20 minutes, only a part of it was converted 
into a hydiocarbon. The product, isolated by distillation in super- 
heated steam, was a yellow oil which did not crystallise at 0° ; on 
fractional distillation, under ordinary pressure, it began to boil at 
about 325°, and the temperature then rose slowly to about 350° ; even 
after repeated fractionation, it still contained unchanged ketone, and 
gave unsatisfactory results on analysis. 

Chemical Department , 

Central Technical College, 

City and thdldb of London Iubfihtfe. 



LV . — Methyl isobutyl acetic acid, 

OH{Cn3) 2 -CH 2 -CH(CH 3 )-COOH. 

By M. W. Burrows, B So., and W. H. Brim ey, B.Sc. 

In a recent paper on /Jy3-methylethylpropionic acid (this vol., 264), 
it was pointed out that the object of the work was to obtain by 
synthesis some of the fatty acids which had not been previously 
described, and to compare their properties with those of some fatty 
acids of unknown constitution derived from camphoric acid by fusion 
with potash. With this same object in n ie w, we have prepared and 
investigated the properties of methylisobutylacetic acid under the 
direction of Dr. Perkin, the results of the investigation forming the 
subject of the present paper. 

The acid was obtained from ethylic malonate in two ways, which 
how ever only differed in the order of insertion of the groups methyl 
and isobutyl. By one method, ethylic isobutylmalonate, 

CH(CH3) 2 -CH a -CH(COOEt) 3 , 

was prepared by the action of isobutylic bromide on ethylic sodio- 
malonate, and this was converted into ethylic methylisobutylmalon- 
ate, CH(CH 3 ) 2 -CH 2 *C(CH 3 ) (COOEb) 2 , by treating its sodium deriva- 
tive with methylic iodide. By the secoud method, ethylic sodio- 
methylmalonate was acted on by isobutylic bromide, the product 
being (as before) ethylic methylisobutylmalonate. Judging from 
the subsequent yield of acid, the former method seems to give rather 
better results. 

Ethylic methylisobutylmalonate is an oil which boils at 230 — 235 , 
and, ou hydrolysis, yields mefchylisobucylmalonic acid, 

CH(CB*)*-CH 2 *C(C (COOH)* 

a solid, melting at 122° ; this, in its turn, is decomposed on distilla- 
tion, losing carbon dioxide and yielding methylisobutylacetic acid, 
CH(CH 3 VCH 2 *CH(CH 3 )*COOH. The pure acid boils at 204 — 205 
under a pressure of 755 mm. 

For the purpose of identification, the following derivatives of 
methylisobutylacetic acid have been prepared. 

mthylie salt , CeHi 3 *COOEt 6 ; an oil boiling at 165 — 166° (769 mm.) . 

Add clilonde , 0 6 H 13 *00C1; a pungent-smelling liquid boiling at 
152—153° (745 mm.). 

Amide , CeHis'CONH* ; a colourless solid crystallising from ether 
m needles melting at 90 c . 

Anilide, C 6 Hu-C(>NH*CgH 6 ; a colourless solid crystallising from 
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high boiling, light petroleum in long, silky needles melting at 
110 — 111 °. 

Pcvratolitidide , CeHis'CO’KEDO?!!? ; a colourless solid separating 
from low boiling light petroleum in minute needles melting at 86°. 

Experimental Part. 

Methylisobuiylmalonic acid , CH(CH 3 ) 2 *OH 3 *C(CH 3 XCOOH) 2 . 

The details of the first method of preparation are as follows. 

Isobutylic bromide (109 grams) was added to a mixture of ethylic 
malonate (127 grams) with a solution of sodium (18 5 grams) in 
alcohol (200 grams), and the whole heated on the water bath 
until the mixture was perfectly neutral. When cold, it was diluted 
with water, and the oil extracted with ether ; the ethereal solution 
was then washed with water, dried with calcium chloride, and the 
ether distilled off on the water bath. The oily residue was fraction- 
ated, and the portion boiling at 224 — 226° (105 grams), and consist- 
ing of pure ethylic isobutylmalonate, was added to a solution of 
sodium (11*3 grams) in alcohol (150 grams), and treated with 
methylic iodide (70 grams). The mixture was heated on the water 
bath till neutral, and afterwards subjected to the same treatment as 
before, the final product being ethylic methylisobutylmalonate, 
0H(CH 3 ) 2 *0H 2 *C (CH 3 ) (COOEt) 2 . It boils at 230—235°, and the 
yield was 86 grams. 

This oil was not analysed, hnt at once saponified by boiling with 
an excess of alcoholic potash, the alcohol being afterwards removed 
by diluting with water and evaporating the liquid to dryness ; the 
solid residue was then dissolved in water, acidified strongly, and 
repeatedly extracted with ether. After distilling off the ether, a 
viscous liquid remained, which solidified, however, on standing,* it 
was placed in a vacuum over sulphuric acid for a day, then dried on 
a porous plate, and purified by recrystallisation from a small quantity 
of water. 

0*1063 gave 0*2151 CO, and 0 0793 H*0. C = 55*19 ; H = 8*29. 

CJE u Ch requires C = 55*17 ; H = 8*05 per cent. 

Methylisobutylmalonic acid melts at 122°. It is extremely soluble 
in water, and can only be crystallised from very concentrated solu- 
tions ; it can be dried at 100° without decomposition. The silver 
salt was prepared by precipitating a solution of its ammonium salt 
with silver nitrate; after washing and drying, it was analysed by 
ignition. 

0*1737 gave 0*0972 A g. Ag = 55*95. 

CaH w Ag 2 02 requires Ag = 55*67 per cent. 



BURROWS AND BENTLEY: METHYLISOBUTYLACETIC ACID. 511 


It was found that the silver salt could be heated to 135 c without 
decomposition. 

Methylisolmtylacetic acid , CH(CH 3 ) 2 'CH 2 *CH(CH 3 )‘COOIL 

The dibasic acid was heated in a retort to 195 — 215° when it 
decomposed into carbon dioxide and a fatty acid, and this acid, after 
repeated fractionation, was found to boil constantly at 204 — 205°. 
A second sample of the acid was prepared from ethylic malonate by 
introducing first the methyl group, and afterwards the isobutyl 
group, the details of the processes being practically the same as 
those given for the other method. The fatty acid obtained boiled at 
exactly the same temperature as did the other sample, namely, 
204 — 205°, under a pressure of 755 mm. ; the penetrating odour and 
general properties of this acid are similar to those of the higher fatty 
acids. 

0*1034 gave 0*2440 C0 2 and 0*0994 H 2 0. C = 64*36 ; H = 10‘68. 

C 7 H 14 02 requires C = 64*61 ; H = 10*77 per cent. 

Ethylic methylisobutylacetate t CH(CH 3 ) 2 *CH 2 *CH(CH 3 )*COOC 2 H 5 . 
— This was prepared by saturating a solution of the acid in pure 
ethylic alcohol with dry hydrogen chloride, and allowing the mixture 
to remain for some time ; water was then added, and the oil which 
separated extracted with ether. The ethereal solution, after being 
washed first with sodium carbonate, and then with water, was dried 
with calcium chloride, and the ether evaporated. An oil remained 
behind which, on fractionation, was observed to boil constantly at 
165—166° (769 mm.). 

Found C = 68*37 ; H = 11*44 per cent. 

Theory for C 9 Hi 8 0 2 . . 0 = 68*35 ; H = 11*39 „ 

Methylisobntylacetyl chloride , CH(CH 3 ) 2 -CH 2 *OH(CH 3 )*COCl. — 
This compound was prepared by heating 11 grams of the acid with 
4 grams of phosphorus trichloride for 10 minutes in a reflux 
apparatus ; after decanting from the heavier phosphorous acid, the 
liquid was fractionated. The acid chloride boils at 152 — 153 c 
(745 mm.), and possesses the pungent and disagreeable odour charac- 
teristic of the higher acid chlorides. Analysis. 

Found Cl = 24*05 per cent. 

Theory for 0 6 Hi 3 *C0CL . 01 = 23*90 „ 

Methylisobutylacet amide, CH(CH 3 ) 2 *CH 3 *CH(CH 3 )*CONH 2 . — This 
substance was obtained from the ethylic salt and also from the acid 
chloride. 

The ethylic salt was heated with concentrated aqueous ammonia iu 
a sealed tube at 180° for 10 hours, and the product repeatedly 
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extracted with ether , the ethereal solution was dried with calcium 
chloride, the ether removed by evaporation, and the residue poured 
into a basin to solidify. The solid was then re crystallised first from 
ether and subsequently from light petroleum of high boiling point. 

The acid chloride was slowly added to concentrated aqueous 
ammonia, the mixture extracted with ether several times, and the 
ethereal solution dried with calcium chloride. The amide was then 
extracted and purified as in the previous case. Both samples melted 
at 90° (a low melting point for an amide of a higher fatty acid), and 
crystallised from both petroleum and ether in needles. 

Found. N = 10 70 per cent. 

Theory for CeH^CO-NH*. . HT = 10*85 „ 

This amide is extremely soluble in alcohol and chloroform, rather 
less so in ether, and sparingly in ethylic acetate, benzene, and light 
petrol enm of low boiling point ; it is insoluble in cold water. 

Methylisobuiylacetanilide , CH (CH i ) 2 # CH 2 *OH(CH i )'CO'NH*CcH 5 . — 
This anilide was prepared by boiling the acid with twice itB weight 
of aniline for 24 hours in a reflux apparatus ; the solid product was 
dissolved in ether, the ethereal solution washed with hydrochloric 
acid, then with sodium carbonate solution, and finally with water. 
After drying with calcium chloride, the ether was distilled off, and 
the dark-coloured residue purified by repeated crystallisation from 
petroleum (b. p, 100 — 120°), from which it separates in beautiful, 
long, silky needles melting at 110 — 111°. 

Found 1ST = 7*10 per cent. 

Theory for C 6 H 13 *CO‘NH‘C 6 H 3 . . N = 6*83 „ 

This anilide is very soluble in ether, chloroform, benzene, ethylenic 
chloride, ethylic acetate, and alcohol; water precipitates it from a 
concentrated alcoholic solution, and it can be conveniently recrystal- 
lised from dilute alcohol. It is sparingly soluble in cold petroleum, 
but it dissolves readily in hot petroleum; it is insoluble in cold 
water, 

Methylisobntylacetopamtoluidide, 

CH(CHi)a*CH s *CH(ClIa) •CO-NH-CWB,. 

—The preparation and purification of this substance only differed 
from those of the anilide in two points ; the mixture of acid w ith 
2^ times its weight of paratoluidine was heated for a shorter period 
(15 hours) on account of the higher boiling point of paratoluidine, 
and the crude product was recrystallised from light petroleum of low 
boiling point. It crystallises in minute needles melting at 86°. 

Found N - = 6*19 per cent* 

Theory for C«H w *CO*NH*C 7 H 7 . . 3Y = G*39 


»» 
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This toluidide is very soluble in alcohol, chloroform, ether, benzene, 
and ethylic acetate; it is sparingly soluble in cold, but readily in 
hot light petroleum ; it is insoluble in cold water. 

Chemical Laboratories , 

Oicens College , Manchester. 


LVI . — Note on the Formation of Platinic Pyro- 
phosphate. 

By Robert E. B\rneit, A.R.C.S. 

In order to prepare phosphorus pentoxide in a state of purity, for use 
in a research now in progress in conjunction with Professor Tilden, 
recourse was had to the method described by Shenstone and Beck in 
this Journal for 1893 (Trans , 63, 475). Commercial phosphorus 
pentoxide, placed in a platinum boat in a combustion tube, is sublimed 
in a current of oxygen over spongy platinum kept at a red heat in the 
fore part of the tube. If the heating has been moderate, the meta- 
phosphoric acid always present remains in the boat as a glassy mass, 
as it is less volatile than the pentoxide. But besides this residue 
there was always present a certain amount of a yellow pulverulent 
substance, most of which remained adhering to the platinum after the 
metaphosphoric acid was dissolved off by water. This yellow sub- 
stance was found chiefly on the outside surface of the boat, and 
appeared therefore to be a product of the action of vapours on the 
platinum rather than a non-volatile residue from the pentoxide 
itself. Acting on this idea, and with the view of obtaining a larger 
quantity, the spongy platinum which had served for several such 
sublimations was digested repeatedly with aqua regia until nothing 
further was dissolved. A very considerable amount of the new sub- 
stance, about one-fourth of the original weight of the platinum, 
remained as a heavy insoluble yellow powder ; after washing and 
drying it was submitted to analysis by fusion with KNaCOj. Ifc 
was found to yield nothing but platinum and phosphoric add, and 
these in proportions which gave approximately the formula PtP a 0 7 . 
It was evident ou inspection, however, and from the discordant results 
of the analyses, that the compound was mixed with fragments of glass 
and asbestos from the combustion tubes, and consequently fresh 
sublimations were performed in the same manner, but having the 
platinum sponge enclosed in a cage of platinum gauze to protect it 
from mechanical contamination. On treating the product with aqua 
regia in the manner previously mentioned, 7 grams of the yellow 
substance was obtained. Curiously enough, this seems to ho formed 
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chiefly in the interior of the lumps of spongy platinum, so that 
before treatment with the acid the only indication of its presence is 
a scarcely perceptible greenish tinge on the ordinarily grey platinum. 
After treatment with the acid, too, the yellow substance was to a 
large extent in masses retaining the original form of the pieces of 
sponge, so that it was necessary to reduce them to powder to extract 
all the uncombined platinum. 

This second preparation was free from visible impurity, and yielded 
the following results on analysis. 

I. 0*8036 gave 0*4243 Pt = 52*80 Pt and 0*4937 Mg 2 P 2 0 7 = 17*11 P. 
II. 0*8050 „ 0*4258 Pt = 52*89 Pt „ 0*4942 Mg 2 P 2 0 7 = 17*09 P. 

Calculated for PtP 2 0, = j per cent ’ ^ 

The formula PfcPjjO?, which must therefore be ascribed to the 
substance, is obviously that of platinic pyrophosphate , a compound 
hitherto unrecorded. And although the attempts I am still making 
to obtain the substance by a more direct method have not yet met with 
success, and its properties generally are so unlike those of the oxy- 
salts of platinum, the following reaction clearly shows its nature. If 
it be treated in the cold with sulphuretted hydrogen water, slowly 
darkens and ultimately becomes black. The supernatant v mid 
gives the reactions of pyrophosphoric acid. On treating the A id 
thus prepared with silver nitrate, filtering off the silver snlphide,\ ’ 
neutralising, a white precipitate is obtained. On analysis this yields 
70*9 per cent. Ag., the calculated percentage for silver pyrophosphate „ 
being 71*2. 

Platinic pyrophosphate, prepared as above described, is a pale 
greenish-yellow powder, apparently amorphous; its density is 4*856. 
It is stable at a red heat, darkening somewhat but regaining its 
original colour on cooling. In contact with a flame, however, it is 
readily reduced, giving off white fumes. It is insoluble in water and 
unaffected by aqueous acids and alkalis, although easily decomposed 
by fusion with KNaCO s . It is insoluble in a solution of sodium 
pyrophosphate. Chlorine and bromine appear to be without action 
on it. It is gradually decomposed by solutions of hydrogen sulphide 
or alkali sulphides. 

I would state that I am continuing experiments on this and similar 
compounds of platinum, and iu conclusion desire to record my thanks 
to Professor Tilden for his kind assistance in the foregoing in- 
vestigation. 
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LYII . — Action of Hydrogen Sulphide on Antimonic 
Acid Solutions. 

By Otto Bosek, Ph .D. 

(Communicated by Professor Bohuslav Brauner, Bohemian 
University, Prague.) 

The following is a condensed account of work done by Dr. BoSek 
under my direction in the University Laboratory at Prague. 

From the analogy between arsenic and antimony, H. Bose {Ann. 
Phys. Ghem ., 1859, 107, 186) concludes that hydrogen sulphide 
throws down from a solution of arsenic acid or of antimonic acid a. 
mixture of the respective trisulphides with sulphur, and that the 
pentasulphides of these elements can only exist in the form of sulpho- 
salts. Bunsen (Annalen, 1878, 192, 305), on the other hand, recom- 
mends the precipitation of antimony in the form of the penta- 
sulphide for the quantitative estimation of this element. Willm 
( Zeit . anal. GJiem ., 1891, 30, 443) obtained results differing from 
those of Bunsen; he treated the freshly piecipitated antimony 
trisulphide with caustic potash and chlorine, and, after repeated 
evaporation with hydrochloric acid, added tartaric acid and water, 
and precipitated the solution at 60 — 70° with hydrogen sulphide. 
Bunsen regarded the precipitate as pure antimony pentasulphide, 
but if prepared in this way or by decomposing Schlippe’s salt with 
an acid, Willm found that it invariably lost part of its sulphur 
3*5 — 13‘8 per cent.). Thiele (Annalen, 1891, 263, 71) was also 
unable to confirm Bunsen’s results as regards the formation of pure 
antimony pentasulphide. 

Brauner and Tomicek (Trans., 1888, 53, 145) found that on treat- 
ing solutions of arsenic acid with hydrogen sulphide, either pure 
arsenic pentasulphide was obtained, in accordance with the state- 
ments of Bunsen, or, on varying the temperature, the rapidity of the 
gas current, the acidity of the liquid, due., a mixture of the penta- 
sulphide with the trisulphide and free sulphur was thrown down. 

In the present paper, the results of a somewhat similar series of 
experiments are given on the action of hydrogen sulphide on anti- 
monic acid under varying conditions. 

Antimonic solutions were prepared eitherjby dissolving the pure 
metal in a mixture of hydrochloric acid and potassium chlorate, or 
pure antimony trioxide was dissolved in caustic potash, *and the 
solution treated with bromine or chlorine. In preliminary experi- 
ments, made with solutions prepared by the first method, it was 
soon found that it was most important to ascertain first whether the 
vol. Lxvn. 2 n 
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tervalent antimony is completely oxidised to the quinque valent state. 
This examination is the object of the first series of experiments. 

I. Action of Oxidising Agents ; on Antimonious Salts, — This subject 
has been to some extent investigated by Kessler ( Ann . Fhys. Ghent., 
1855, 95 , 204, 225 ; 113, 134), whose method for the determination 
of the state of oxidation was used.* In the present experiments, 
the an timo ny was dissolved in hydrochloric acid at 15 — 20° or at 
70 — 80°, varying quantities of potassium chlorate being added. The 
excess of chlorate was then destroyed by evaporation, and the 
solution was diluted with hydrochloric acid to a definite volume. 

'Experiment 1. — 2*502 grams of antimony were treated with 30 c.c. 
of hydrochloric acid, and just enough potassium chlorate added to 
obtain complete solution of the metal. After treating as above 
described, and diluting to 100 c.c., 10 c.c. of the solution were mixed 
with 10 c.c. of hydrochloric acid and 80 c.c. of water, in order to 
satisfy the conditions prescribed by Kessler. Result: Unoxidised 
SbCh == 28*08 per cent, and 28*05 per cent. 

Experiment 2. — 1*566 grams of metallic antimony were dissolved in 
50 c.c. of hydrochloric acid and 1*75 grams of potassium chlorate at 
the ordinary temperature. Result : Unoxidised SbCls = 17*68 per 
cent, and 17*65 per cent. 

Experiment 3. — 1*42 grams of antimony were dissolved at 60° in 
50 c.c. of hydrochloric acid and 1*50 grams of potassium chlorate. 
Result : Unoxidised SbCl 3 = 12*35 per cent, and 12*33 per cent. 

The amount of oxidation increases with increase in the quantity of 
potassium chlorate and increasing temperature, bnt complete oxida- 
tion could not be brought about iu this way. 

On evaporating in a vacuum over sulphuric acid the solutions 
obtained as above, beautifully crystalline, double salts were obtained. 
The first kind of crystals were colourless, transparent, of a hexagonal 
habit, but too unstable to be measured. Analysis shows that their 
formula is 2KCLSbCl 3 . The other crystals were lemon-yellow, 
transparent, of a monoclinic habit, bnt too deliquescent to be 
measured. Their composition corresponds with the formula 

3KCl,2SbCl4. 

Sb. 01. K. 

Calculated for 3KCI,2SbCU 32*15 52*17 15*68 

Found 31*29 52 38 15*38 

* Kessler determines the amount of unoxidised, that is, tervalent antimony, by 
titrating a solution containing 20 per cent, hydrochloric acid with standard potas 
sium dichromate in excess, destroying that excess with a standard solution of 
ferrous salt, and then again adding the dichromate solution carefully until a drop 
of the liquid no longer gives a blue coloration with potassium ferrieyanide. (For 
details see also Brauner, Trans., 1891, 59, 62.) 
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Repeated attempts were made to obtain this substance again by 
mixing antimony trichloride, pen taohlo ride, and potassium chloride 
in different proportions and evaporating the hydrochloric solution of 
these constituents in a vacuum, but the crystals could not be 
obtained again; it is uncertain, therefore, whether they are the 
double compound of the new antimony tetrachloride, SbOJ 4 , or a 
mixture of double salts of the trichloride and pentachloride. On 
precipitating their solution with hydrogen sulphide, a peculiar 
reddish-pink sulphide was obtained, having the composition and the 
properties of antimony tetrasulphide , Sb 3 S 4 , described in Experi- 
ment 32. 

Some experiments were made in order to ascertain to what extent 
the oxidation of antimony can be effected by nitric acid. 

Experiment 4. — To 0*222 gram of metallic antimony, 5 c.c. of 
fuming nitric acid were added drop by drop, and the crucible 
(covered) was then heated on a water bath for three hours. After 
evaporating to dryness, and finally removing the last traces of nitric 
acid by evaporation with hydrochloric! acid, the residue was dis- 
solved in hydrochloric acid and analysed, nsing Kessler’s potassium 
dichromate method. Result: Unoxidised Sb 2 0 8 = 14*19 per cent. 

Experiment 5. — 0*2355 gram metallic antimony was treated with 
10 c.c. of fuming nitric acid as above. Result : Unoxidised Sb 2 0 3 = 
4*87 per cent. 

Experiment 6. — 0 2875 gram of antimony was treated with 15 c.c. 
of fuming nitric acid. Result : Unoxidised Sb 2 0 3 = 1*77 per cent. 

Erom this it will be seen that it is impossible to obtain pure 
antimonic acid, even when a large excess of fuming nitric acid is 
used. 

The following series of experiments were made in order to ascer- 
tain the amount of oxidation produced by bromine water in alkaline 
antimonious solutions. Antimony trisulphide could not be used, as it 
dissolves only very incompletely in caustic potash. A solution of 
antimony in hydrochloric acid and potassium chlorate as obtained in 
Experiment 1, and containing a known percentage of the metal, 
was therefore chosen as the starting point. This was dissolved in 
caustic potash, always using the same quantity, and then varying 
quantities of bromine water were added. After heating for a definite 
time on the water bath, hydrochloric acid was added, and the decom- 
position of the hypobromite effected by evaporation, employing the 
precautions mentioned by Bunsen. The amount of unoxidised SbvOj 
was determined by Kessler’s volumetric method. 

Experiment 7. — 0*1263 gram of antimony in alkaline solution was 
heated on a water bath with 20 c.c. of bromine water for two hours, 
&c., as above described. Result: Unoxidised SbsO* = 12*67 por cent. 
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Experiment 8. — Same quantities of antimony and bromine water 
as in JExperiment 7, bat the action was continued for four hours. 
Result; Unoxidised Sba0 3 = 3 89 per cent. 

Experiment 9. — Same quantities of antimony and bromine water as 
in Experiments 7 and 8 were employed, bat the mixture was heated 
for 10 hours. Result : Unoxidised Sl^Os = 1*51 per cent. 

Experiment 10. — Same quantities as in the foregoing experiments, 
but the heating was continued for 12 hours. Result : The oxidation 
was complete. 

For the following experiments, solutions of pure antimony trioxide 
were treated as above. 

Experiment 11. — 0*204 gram of pure antimony trioxide, SbaO s , was 
dissolved in caustic potash, and heated with 30 c.c. of bromine water on 
a water bath for two hours, then decomposed with hydrochloric acid. 
Result: Unoxidised Sb^Os = 14*17 per cent. 

Experiment 12. — The same quantity of antimony solution as that 
used in Experiment 11 was heated with 30 c.c. of bromine water for 
12 hours ; the solution was then very gradually decomposed with 
hydrochloric acid. Result : Oxidation complete. 

Experiment 13. — Same solution as in Experiment 7, 60 c.c. bromine 
water; time, one hour. Result: Unoxidised SbaOs = 17*86. 

Experiment 14. — Same solution as in Experiment 11, 60 c.c. bromine 
water ; time, one hour. Result : Unoxidised Sb 2 0 3 = 15*42. 

Experiment 15. — Same conditions as in Experiment 13, 50 c.c. 
bromine water ; time, two hours. Result : Unoxidised Sb 2 0 3 = 12*46. 
On comparing this experiment with Experiment 7, it is seen that the 
effect of the oxidising agent is almost entirely dependent on the time 
daring which it acts. All the experiments show how difficult it is 
to bring about complete oxidation of antimony to the quinquevalent 
state. This important fact explains the discordant results obtained 
by the different authors who repeated Bunsen’s experiments ou the 
action of hydrogen sulphide on what were considered by them to be 
solutions of pure antimonic acid, but which, in reality, were mixtures 
of antii/ionions and antimonic compounds in varying proportions. 

The action of these oxidising agents on antimonious compounds is 
at first rapid, gradually becoming much slower, and, on representing 
this graphically, a sharply-bent hyperbolic curve is obtained, having 
much the same character as the curve expressing the action of 
chromic action on hydrochloric solutions of tellurous acid (compare 
Brauner, Trans., 1891, 59, 66). 

Action of Hydrogen Sulphide on Antimonic Solutions. 

The following series of experiments were made with solutions of 
antimonic acid prepared as follows : — Antimony trioxide, pore an d 
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especially free from arsenic, was dissolved in excess of caustic potash 
and a rapid current of chlorine passed into the solution for 12 hours ; 
it was then several times evaporated down with concentrated hydro- 
chloric acid until no more chlorine was given off. In order to see 
whether the oxidation of the antimony was complete, a portion of 
the solution was examined with standard potassium dichromate, and 
was found to be free from every trace of antimonious acid. The 
solution was then diluted to 1000 c.c., but it was found impossible to 
determine the amount of antimony present in an aliquot part, and to 
use the rest for further experiments, as an amorphous, white pre- 
cipitate was slowly deposited. Therefore, as a starting point for the 
calculation of results, pure black antimony trisulphide was used, pre- 
pared by heating any of the precipitated sulphides in a current of 
carbonic dioxide at 210°, the product having the definite composition 
Sb 2 S 3 (compare Paul, Zeit. anal. Chem ., 1892, 31, 537). For precipi- 
tating, either gaseous hydrogen sulphide was used, or its solution 
made with water previously well-boiled and cooled ; in order to avoid 
separation of sulphur, the excess of the gas was driven out by a rapid 
current of carbonic anhydride. 

First Series of Experiments. 

Experiment 16. — First of all, Bunsen’s method was repeated in 
order to see whether really pure antimony pentasulphide is obtained 
in this way. 50 c.c. of the above solution were mixed with 14 
grams of hydrochloric acid, the whole diluted to 100 c.c., and 200 c.c. 
of freshly prepared aqueous hydrogen sulphide added, Stirling all the 
time ; after removing the excess of the hydrogen sulphide, the pre- 
cipitate was collected on a Gooch crucible filter, washed with water, 
then four times with alcohol, twice with a mixture of alcohol and 
carbon bisulphide, then four times with pure, redistilled carbon 
bisulphide, then four times with alcohol, after which it was dried at 
105—107°. Result : 

A. B.* 

Weight of dried precipitate .... 0*2303 0*1889 

Sb 3 S s dried in CO s at 210° 0*3 927 0*1589 

Sb 2 S fi calculated from this 0*2294 0*1892 

Difference +0*0007 —0*0003 

As the difference is within the limit of unavoidable experimental 
error, it is seen that by precipitating completely oxidised solutions of 
antimonic acid with aqueous hydrogen sulphide, added at once f and 
at the ordinary temperature , pure antimony pentasulphide is obtained. 
The pentasulphide is dark brown. 

* As several weeks had elapsed between Experiments A and B, for the reasons 
above stated, 50 c.c. of the solution did not contain the same amount of antimony. 
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j Experiment 17. — 50 c.c. of the same &olution as in Experiment 1 0 
(i.e, 9 4-14 grams HOI) were precipitated by passing a rapid current 
of gaseous hydrogen sulphide for half an hour, and the precipitate 
treated as above. "Result : 

Weight of dried precipitate 0*2287 gram. 

„ Sb 2 S 3 0*1932 „ 

Composition of the original precipi- f SbJ3 3 = 3*12 

tate* ISbaSsri: 96*88 

100 00 

Experiment 18. — 50 c.c. of the same antimonic solution (i.e.> 4*14 
grams HC1) were put into a beaker and 200 c.c, of hydrogen sulphide 
water added drop by drop from a burette with constant stirring. 
Even the first three drops produced an orange-coloured precipitate 
which rapidly increased. Result : 

Weight of dried precipitate * 0*1895 gram. 

Sb*!^ 0*1602 „ 

Composition of precipitate. { I 


100-00 

Conclusion . — When hydrogen sulphide acts on pure antimonic 
solutions for a longer time and therefore slowly, not at once, a partial 
reduction takes place. 

In the following experiments, the influence of a larger quantity ot 
hydrochloric acid present was studied. 

Experiment 19. — 50 c.c. of the same antimonic solution was acidified 
with 25 c.c. of hydrochloric acid, and aqueous hydrogen sulphide was 
added slowly from a burette. At first, free sulphur separated and 
produced a turbidity, and the first visible precipitate was obtained 
after the addition ot 3 c.c. of hydroi hlorie acid; it took two and a 
half hours to add the 200 c.c. of aqueous H a S. Results 


Weight of dried precipitate 
„ Sb*S 8 

Composition of precipitate., 


. • • 0*1560 gram. 

... 0*1325 „ 

fSbaS 3 = 5*39 
\ SbjS 5 = 94-61 


100-00 

Experiment 20. — Experiment 19 was repeated, using 40 c.e. of hydro- 
chloric acid, no separation of orange coloured precipitate from the 

* From the above two data, the difference between the amount of Sb 2 S fi calcu- 
lated from the Sb 2 S 3 obtained, and the weight of the original precipitate and the 
molecndar weight of SbaS 3 , the ‘amount of Sb$3 and Sb 2 S s is easily calculated. 
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turbid liquid took place until after the addition of 6 c.c. of hydro- 
chloric acid. The very pale colour of the precipitate, and the strong 
turbidity of the alcoholic washings showed that much free sulphur 
was present. In fact, it was impossible to remove it completely, and 
as part of the sulphur present was in the form insoluble in carbon 
bisulphide, it must have been produced by oxidation of the hydrogen 
sulphide. Eesult : 


Weight of dried precipitate ........ . 0*2090 gram. 

„ Sb 2 S 3 0*1710 „ 

Calculated weight of Sb 3 S 6 0*2038 „ 

Difference +0*0052 „ 


Owing to the strong reduction, 0 0052 gram of sulphur or 2*49 per 
cent, was found insoluble, over and above the theoretical quantity of 
pentasulphide, so that the percentage of SlfeSs in the precipitate could 
not be calculated. 

The present experiments show that the presence of an increased 
quantity of hydrochloric acid causes an increase in the reduction of 
the quinauevalent antimony compound, but owing to the separation 
of insoluble sulphur, as in Experiment 20, it is impossible to determine 
whether a precipitate formed in the presence of a large quantity of 
hydrochloric acid, is pure antimony pentasulphide, even if it appeared 
to have the same composition. Prom this point of view, some of the 
results obtained by Thiele (Annalen, 1891, 263, 71) must be regarded 
with reserve. This author found that the quantity of antimony penta- 
sulphide increased on increasing the amount of hydrochloric acid 
present from 2 to 10 per cent. It is possible that the maximum 
quantity of pentasulphide formed lies somewhere between 10 to 20 
per cent, of hydrochloric acid, but it certainly diminishes above that 
limit. 

Experiments at Higher Temperatures . 

Experiment 21. — 50 c.c. of the above antimonic solution were mixed 
with 14 c.c. of hydrochloric acid and dilnted with water to 100 c.c. 
It was then heated to 70° by dipping the beaker in water of that 
temperature, and aqueous hydrogen sulphide was slowly added from 
a burette (the addition of 200 c.c. took 2| hours), which at first gave 
rise to a turbidity, and then produced an orange coloured precipitate. 
Eesult : 


Weight of dried precipitate 0*1823 gram. 

„ Sb a S 3 0*1757 „ 


Composition of the precipitate. . . . j 


100*00 
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Eajpw Iment 22. — Exp element 21 was repeated at a temperature of 
100°. The first drops of aqueous hydrogen sulphide produced, on the 
surface of the liquid, an orange coloured precipitate, which on stirr- 
ing dissolved in the liquid and at the same time gave rise to a strong 
milky turbidity. Only after 15 c.c. of the reagent had been added (or 
after 9 minutes) was the first permanent, pale orange coloured pre- 
cipitate obtained. It was treated very carefully to remove all sulphur. 
Result : 


Weight of dried precipitate ...» 0 1537 gram. 

„ Sb 2 S 3 0 1503 „ 


Composition of the precipitate. . . - { IS 

l uDjbs — Id 92 


100-00 


Conclusion : With increase of temperature there is also an increase 
m the reduction and in the formation of antimony trisulphide. 

It was now thought advisable to repeat Willm’s experiments, namely, 
the action of hydrogen sulphide on antimonic solutions in the presence 
of tartaric acid, the reducing action of which Willm did not seem to 
suspect, any more than he did that of a high temperature. 

Experiment 23. — 50 c.c. of the above antimonic solution were diluted 
with 50 c,c. of water containing 1'gram of tartaric acid, heated to 70 r , 
and precipitated by passing a rapid current of gaseous hydrogen 
sulphide. The liquid became milky at once, then, after 10 seconds, 
it acquired an orange colour, and after 25 seconds the first distinct 
precipitate was formed. After four hours (the passage of the gas 
was continued until the liquid became cold), the experiment was 
brought to an end. Result : 


Weight of dried precipitate . . 
>, Sb 2 S s 

Composition of the precipitate. 


. • 0*0950 gram. 

. * 0 0898 „ 

r Sb 2 S 3 = 65*7 
lSbaS 6 = 34*3 


100*0 

The precipitate formed in this way, was considered by Willm to be 
pure, or approximately pure, antimony pentasulphide, whereas it 
consists of two parts of the tri&ulphide to one of the pentasulphide. 
The colour of such a mixture is always much lighter than that of the 
jrare pentasulphide. Lastly, Willm states that such wet “ pentasul- 
phide ” is decomposed into trisulphide and free sulphur, on washing 
with cold carbon bisulphide, a statement, the incorrectness of which 
is easily seen by comparing the Experiment 16 with Experiments 
17' — 23, which show that the pure pentasulphide undergoes no such 
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decomposition (Experiment 16) whereas under the conditions obtain- 
ing in Experiments 17 — 23 pure pentasulphide cannot be obtained. 

The contrary statements of Rammelsberg (Ann. Chem. Phys ., 1874, 
52, 193), and of Braun (Michaelis, Anorg. Ohem. V, Bd. II, p. 598) 
when compared with those of Bunsen and the results described in the 
present paper are easily explained by the incomplete state of oxida- 
tion of the antimony in the solutions used by the two first mentioned 
investigators. 

Second Series of Experiments, 

The object of this series was to study the above cardinal reaction 
in the presence of some foreign substances. The solutions used were 
those of metallic antimony in hydrochloric acid and potassium chlorate, 
and in order to complete the oxidation the necessary amount of a 
solution of potassium dichromate was added. The amount of the 
last reagent was smaller in the preparations called A and larger in 
preparations B. The precipitate was in each experiment washed with 
alcohol and carbon bisulphide, &c., and after being dried, as previously 
described, was finally converted into black antimony trisulphide. 

Experiment 24. — 10 c.c. of solution were mixed with 50 c.c. of water, 
5 c.c. of hydrochloric acid added, and then 13 c.c. of a solution con- 
taining 0*0324 gram of potassium dichromate to complete the oxida- 
tion. A rapid current of hydrogen sulphide was passed in for half 
an hour. Result : 


Weight of dried precipitate , - 
„ SbaS 3 

Composition of the precipitate- 


. 0*1990 gram. 

. 0*1696 „ 

SbaS 3 = 7*64 
Sb 2 R 5 = 92*30 


100*00 


Experiment 25. — Same quantities as in Experiment 24, except 
that the hydrogen sulphide was passed in a very slow current. 


Composition of the precipitate. 


f Sb*S 3 = 8*09 
i Sb 2 S 5 = 91*91 


100*00 


Experiment 26. — 10 c.c. of solution B were mixed with 50 c.c. of 
water, 5 c.c. of hydrochloric acid and 31 c.c. of a solution containing 
0*0772 gram of potassium dichromate. It was precipitated with a 
rapid current of hydrogen sulphide* Result : 

Weight of precipitate 0*2648 gram. 

„ SbsS* 0*226 

Composition of precipitate, 


/Sb 2 S 3 = 8*37 
I RbsS, = 91*63 


100*00 
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Experiment 27. —Same conditions as in Experiment 26, except that 
the gas was passed in in a slow current. Result : 


Weight of precipitate 0*2833 gram. 

„ 8b 2 S 3 . 0*2428 „ 


Composition o£ precipitate, 


f SbA = 10*58 
lSb*S 5 = 89*42 


100*00 


Experiment 28. — The above solution and 25 c.c. of li ydrochloi ic 
acid were used ; the current of hydrogen sulphide was rapid. 

n / Sb 2 S., = 26*06 

Composition of precipitate \Sb^ — 73*94 


100*00 


Conclusions: The reduction of antimonic acid is larger in the 
presence of chromic chloride than in its absence and increases as the 
amount of that salt present increases ; it increases also with increase 
in the quantity of hydrochloric acid. The following experiments were 
made at a higher temperature. 

Experiment 29. — 10 c.c. of solution JB, 15 c.c. of HC1, 31 c.c. of 
K>Cr 2 0 7 , 50 c.c. of H g O. 

Slow current of H 2 S was passed in at 50°. Result : 


W eight of precipitate 

„ SbaSs . 

Composition of the precipitate. 


. . 0*1939 grain. 

. . 0*1885 „ 

f Sb 2 S 3 = 82*58 
l SboS 5 = 17*42 


100*00 


Experiment 30. — Same conditions as in Experiment 29, except that 
the hydrogen snlphide was passed into the solution heated at 70 . 
The solution became turbid, and an orange coloured precipitate was 
formed, which, after two hours, began to blacken, and became com- 
pletely black when the gas was passed in at the said temperature for 
10 hours. Result : 


Weight of precipitate ........ 

„ BbA 

Composition of the precipitate. 


. . 0*1589 gram. 

. . 0*1559 „ 

f 8^8* = 88*21 
L Sb 2 S 5 = 11*79 


100*00 

Experiment 81. — The precipitation took place at 100°. The orange 
coloured, amorphous precipitate formed was first converted into a 
distinctly crystalline, deep purple-red substance, with a violet tinge, 
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which, after three hoars, begaa to slacken, and became quite black 
after 10 hours. Result : 

Weight of precipitate 0‘1621 gram. 

„ Sb,S s 0-1608 „ 

n ... / SbjSs = 94-89 

Composition tfibjsU 511 

100*00 

On filtering off the above precipitate, the perfectly clear Ultra! e 
deposited an orange coloured precipitate on standing ; this -was pro- 
bably antimony pentasulphide, 0*0023 gram of the precipitate 
giving 0 0019 gram Sb 2 S 3 (Sb 2 S 5 requires 0*00193 gram Sb 2 S 3 ). 

Experiment 32. — The conditions were the same as in Experiment 31; 
and the formation of the intermediate pink crystalline sulphide was 
also observed. Result : 


Weight of precipitate 0*1905 gram. 

„ Sb,S 4 0*1905 „ 

Composition of precipitate : SbaS 3 = 100*00 per cent. 


Two problems presented themselves in the last series of experi- 
ments. The first was the appearance of the pink crystalline sul- 
phide. Of the many attempts to isolate it, the following was not 
unsuccessful. 

On passing the hydrogen sulphide at 50 — 55° into a solution which 
had required for its oxidation 31 c.c. of the above dichromate solu- 
tion, a distinctly crystalline crimson-red or pink precipitate was 
obtained after eight hours. After removing all the free sulphur, it 
was dried at 106°, and gave 0*2070 gram of a substance which 
yielded 0*1886 gram of Sb 3 S 3 (= 0*1347 Sb). Sulphur from the 
difference = 0*0723 gram. 

The results agree perfectly with those required by the formula 

ShS* 

Calculated. 



t 


Found. 

2Sb 

240 

65-2 

65-1 

4S 

. ... 128 

34-8 

34-9 


368 

100-0 

100-0 


In all the other experiments made, heterogeneous precipitates were 
obtained, which were either orange, brown, or partly black, according 
to the time during which the hydrogen sulphide had acted. Their 
approximate composition was 


SbgSg 85 

SbaS 5 15 


100 
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The second problem was the reducing action of the chromic salts. 

Experiment 33. — 25 c.c. of 'antimonic solution A was mixed with a 
solution of 1 2413 grams of crystallised chromic chloride in 25 c.c. 
of water, and after dilution with 50 c.c. of water a slow current of 
hydrogen sulphide was passed in for three hours. Result : 

Weight of dried precipitate .... 0*1496 gram. 

„ SbJ3. .. 0*1222 „ 

This corresponds Sb 2 S 5 0*1455 „ 

Difference +0*0041 or + 2*74 p. c. 

In spite of careful washing, 2*74 per cent, of sulphur more were 
produced and left in the precipitate above the limit either of Sb 2 S 5 or 
SbgSs + S 3 , although the greater part of the precipitate consisted of 
trisulphide and sulphur, which, however, could be only partly 
removed. 

Experiment 34. — The same solution as that used in Experiment 33 
was precipitated with hydrogen sulphide and washed with water 


only, after which it was dried. 

Weight of precipitate obtained 0*16025 gram. 

„ precipitate in Exp. 33 .... 0*1496 „ 

Difference 0*01065 „ 


that is the amount of sulphur precipitated above the theoretical 
limit SboS 5 , which was soluble in, and had been removed by, carbon 
bisulphide. 


Conclusions . 

From the experiments described in this paper, the following con- 
clusions may be drawn. 

1. The total conversion of antimonious into antimonic compounds 
by the action oi oxidising agents is a very difficult matter, requiring 
a large quantity of the oxidising agent and a lengthened period of 
action. 

Such reagents as fuming nitric acid, potassium chlorate in hydro- 
chloric solution, and even bromine in alkaline solution, except when 
the last acts for very many hours, do not produce complete oxidation. 

2. When an excess of hydrogen sulphide — in the form of aqueous 
solution — acts at once on antimonic solutions at the ordinary tem- 
perature, pure antimony pentasulphide is formed; this shows that 
if Bunsen’s directions are strictly followed, exact quantitative results 
can he obtained. 

3. On acting with hydrogen sulphide on antimonic solutions under 
otherwise similar conditions : 
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a. The quantity of antimony pentasulphide increases : 
a. The lower the temperature. 

ft. The more rapid the stream of hydrogen sulphide. 

b. The quantity of antimony trisulphide mixed with sulphur 

increases : 

a. The higher the temperature. 

yS. The slower the action of hydrogen sulphide. 

4. As regards the dependence of the quantity of both sulphides on 
the amount of hydrochloric acid present, it appears that the quantity 
of the pentasulphide formed increases with that of the acid up to a 
certain maximum, lying between 10 and 20 per cent, of acid, after 
which limit it rapidly diminishes, with increase in the amount of 
hydrochloric acid. 

5. In the presence of chromic salts, acid antimonic solutions are 
reduced by hydrogen sulphide more easily and more completely than 
when they are treated without such an addition. 

6. Pure antimony trisulphide is obtained from antimonic solutions 
only in the presence of chromic salts ; a slow current of hydrogen 
sulphide must be passed during a longer time at a higher tempera- 
ture, and then the trisulphide is deposited in the black modification. 


LYIII . — Action of Hydrogen Sulphide on Solutions of 
Antimonic, Arsenic, and Telluric Acids. 

By Bohuslav Brauner, Ph.D,, Professor in the Bohemian University, 
Prague, late Berkeley Fellow of Owens College. 

The object of the present research is a comparative study of a 
definite reaction which takes place with analogous compounds of 
certain elements, having regard to the position of these elements in 
Mendeleeff’s periodic system. 

The action of hydrogen sulphide on arsenic acid was studied by 
Brauner and Tomi6ek (Trans., 1888, 53, 145), and shortly afterwards 
by Le Boy McKay. 

An analogous work relating to antimonic acid has been done by 
Dr. BoSek, the results being given in the preceding paper. This 
work has naturally not exhausted the whole subject, but treating it 
from a somewhat empirical point of view has furnished material 
which may be taken as the basis of further experimenting and o£ 
a study of the mechanism of that reaction. 

The following observation which I made many years ago formed 
the starting point of the work described in the preceding paper, and 
also of the present research. 
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A. Action of Light on Antimony Penta^ulplxide. 

Antimony pentachloride was dissolved in hydrochloric acid and pre- 
cipitated by the addition of 5 litres of an aq aeons, saturated solution 
of hydrogen sulphide, subsequently passing a rapid current of gaseous 
hydrogen sulphide into the liquid; the orange coloured precipitate 
ot antimony pentasulphide thus produced formed a layer several 
centimetres in thickness. The bottle containing the liquid and 
precipitate was placed in a window and exposed to full sunshine in 
the month of June, when it was observed that the precipitate became 
brown superficially, and after some time, black. It was then 
repeatedly shaken and exposed to the action of daylight or sunlight 
for about four years, when it was found to be so completely converted 
into a black, heavy crystalline powder, that only a few of the larger 
lumps showed traces of orange colour in the inside where the sun- 
light had no access. The volume of the original precipitate had 
diminished considerably. 

This observation was made between the years 1887 and 1891, and 
the precipitate was analysed in order to see whether the black 
modification was trisulphide or pentasulphidene ; a portion was dried, 
when it became grey, and on examination under the microscope it was 
seen that free sulphur was mixed with the black crystals. 

Another part, after being well washed with water and alcohol, was 
repeatedly shaken with carbon bisulphide and again with alcohol, 
then dried and analysed. 

0*4861 gave 0*3949 Sb 3 0 4 = 0*3128 Sb. Sb = 28*51. 

2*0412 „ 4*2384 BaSO* = 0*5821 S. S = 71*73. 

Calculated for 


SbgSj. Found. 

Antimony 28*57 28*51 

Sulphur 71*43 71*73 


100*00 100*24 

The black crystals, therefore, are pure antimony trisulphide, the 
original substance being a mixture of sulphur with black antimony 
bisulphide (black modification discovered by Mitchell, Abstr., 1893, ii, 
473, by boiling the red modification with dilute hydrochloric acid in 
a current of carbon dioxide). 

The formation of this black trisulphide fiom the orange pentasnl- 
phide is due to a slow photochemical decomposition by the rays of the 
sun, thus : (Sl^Ss)* + Aq = 2S y + (SbaSa)* + Aq. It was impossible 
to observe whether the less molecularly complex led trisulphide was 
formed first. It should he added that the long time taken for the 
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completion of the above action was due to the fact that no less than 
110 grams of antimony pentasulphide had been decomposed. 

B. Action of Seat on Antimony Pentasulphide . 

lb is well-known that on heating dry antimony pentasulphide in a 
current of an inert gas at 23 0 — 220% it decomposes leaving the black 
tri&ulphide, whilst sulphur escapes. It seems of interest to ascertain 
whether, under favourable conditions, a similar decomposition might 
not occur at a lower temperature in the presence of water. 

For this purpose 1000 c.c. of water was acidified with 100 c.c. 
hydrochloric acid and 50 c.c. of a solution of potassium antimoniate 
containing 0*412 gram of Sb 20 5 was poured in with continued stirring, 
so that a clear solution of antimonic acid was obtained. From this 
solution, pure antimony pentasulphide was precipitated by the addi- 
tion of an excess of aqueous hydrogen sulphide. After pouring off 
one-half of the clear supernatant liquid, the other half containing the 
precipitate was treated with gaseous hydrogen sulphide. No change 
was observed to take place at the ordinary temperature. The rnixtme 
was then gradually heated to 85°, but after passing the gas for half 
a day the precipitate turned only slightly darker. It was then heated 
to 95° for half a day but no change took place. 

On raising the temperature, however, to 97*5 — 99°, the liquid 
began to boil very slightly, and the precipitate turned dark brown, 
and finally black ; at the end of three hours it was completely con- 
verted into a black, crystalline substance, a mixture of black antimony 
trisulphide and free sulphur. After the latter had been removed as 
completely as possible by repeatedly washing it with alcohol and 
carbon bisulphide, the residue was dried at 108°. On heating at 
220 in a current of carbon dioxide 0*4380 gram lost only 0*0054 gram 
of free sulphur, but it is very probable that the last was contained in 
it as an u insoluble ” modification formed by decomposition of hydrogen 
sulphide at a high temperature and in the presence of acids. 

The percentage composition of the precipitate is therefore : — 




Calculated for 


Found. 

Sbjft,. 

Antimony 

70 5 

71-4 

Sulphur. ....... 

20-5 

28-6 


100*0 

100-0 


fiom which it is seen that the analysed precipitate consisted almost 
entirely of black antimony trisulphide. 

At 98° the following decomposition therefore takes place : 

(Sb 2 S 5 ), + Aq(+ HC1) = 2S y + (Sb,S 3 ), + Aq(+H01), 
and it is completely analogous to the decomposition by sunlight. 
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A similar formation of black antimony trisulphide was observed by 
Dr. Bosek in tbe presence of chromic chloride, and the question arose 
whether the last named substance does not promote the decomposition 
of the pentasulphide. The above experiment was repeated in the 
presence of chromic chloride, but I was surprised to find that, however 
vigorously the diluted or concentrated solution was boiled while a cur- 
rent of hydrogen sulphide was passed into it, no formation of black 
trisulphide took place. 

0. Catalytic Action of Chromic Ghloi ide Solutions . 

If, however, as has been shown in the foregoing paper, chromic 
chloride is added first to the antimonic acid solution, and hydrogen 
sulphide is then passed in, a much stronger reduction of quiquevalent 
antimony to trivalent is observed than in the absence of the chromic 
salt and at the same time hydrogen sulphide is oxidised, and sulphur, 
partly in the “ insoluble ” form, separates. 

A “ catalytic ” action takes place which is so far of interest as it is 
generally assumed that a solution of chromic chloride is not reduced 
by the action of hydrogen sulphide. I find, however, on passing 
hydrogen sulphide into a hot green solution of chromic chloride, that 
its colour becomes first violet and then of a deep blue, and strongly 
dichroitic. On working with the purest preparation, I find that some 
sulphur is always separated, so that a slight reduction to chromous 
salt may have taken place, although not a trace of a chromous com- 
pound could be detected in the liquid. I think that the “catalytic” 
action of chromic chloride may be explained by the following 
hypothesis. 

In the hot liquid, chromic chloride is reduced, to a very slight 
extent indeed, to chromous chloride, thus : — 

(a.) 2CrCl s -t* H^S + Aq — 2Cr01a Hh 2JEEC1 -J- S 4- Aq. 
the chromous chloride reduces the antimonic to antimonious chloride ; 

(6.) 2CrCl s + SbCJ« + Aq = 2001, + SbCl a + Aq. 
after which the reaction (a) takes place again and so on. 

This hypothesis would also account for the formation of 

insoluble 99 sulphur, as, according to Selmi, it is formed when 
hydrogen sulphide acts on ferric chlorude : 

SFeCla + H»S + Aq = 2FeCl a 4* S *f 2HC1 + Aq. 

An analogous case was observed by Brauner and Tomieek on acting 
with hydrogen sulphide on a mixture of ferric chloride and arsenic 
acid. 
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D. Analogy of Antimonic and Arsenic adds in their behaviour towards 
Hydrogen Sulphide. 

It is of some interest to compare the action of hydrogen sulphide 
on antimonic acid (Bosek) with that of hydrogen sulphide on arsenic 
acid (Brauner and Tomicek). 

Arsenic and antimony are both members of the fifth group of 
MendeleefFs system, the first belonging to the fifth series, the 
second to the seventh series. Antimony is therefore the next 
“ atomic analogue ” of arsenic. 

During Bosek*s work the question arose, What is the analogy 
and what the difference between the two elements when hydrogen 
sulphide acts on the aqueous acid solutions of their highest oxygen 
compounds ? 

Here a surprising analogy was observed, for both acids, under 
these circumstances, give either pure pentasulphide or a mixture of 
pentasulphide with the trisulphide and free sulphur, the following 
being the conditions. 

Antimonic Add . 

(I.) More Sb^Sg is formed : 

(a.) The lower the temperature. 

(A) The more rapid the current of 
H 2 S. 

(<?,) The larger the quantity of HC1 
present (up to a certain limit). 

(2.) More S^S 3 (and sulphur) is 
formed: 

(a.) The higher the temperature. 

(A) The less rapid the current of 
HaS. 

(c.) The greater the difference from 
the limit of 10 — 20 p. c. HC1, up- 
wards or downwards. 

It is seen that the analogy between arsenic and antimonic acids, so 
far as the question was studied (we do not know whether a large 
'excess of hydrochloric acid present may not promote the formation of 
arsenic trisulphide) is as complete as possible, and it is a priori 
probable that the mechanism of the action may be the same. At the 
conclusion of the paper on arsenic acid, quoted above, I said it was 
impossible to explain as yet why a small quantity of hydrogen 
sulphide causes a formation of the trisulphide , whereas an excess 
produces only the pentasulphide , so that the question remains an 
interesting problem of chemical dynamics. 

In 1888, Le Boy W. McKay threw considerable light upon that 
subject (Arner, Client. J. 9 1888, 10, No. 6). He found that on adding 

VOIi. lxvii. 2 o 


Arsenic Acid . 

(1.) More Asa S 5 is formed : 

(a.) The lower the temperature. 

(A) The more rapid the current of 
H«S. 

(c.) The larger the quantity of HC1 
present (up to what limit?). 

(2.) More AsgSg is formed : 

(a.) The higher the temperature. 

(A) The less rapid the current of 
H 2 S. 

(e.) The less HC1 present (the limit 
upwards has not been investi- 
gated). 
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a small quantity of hydrogen sulphide to a cold dilute acidified 
solution of an arsenate, some free sulphoxyarsenic acid , H 8 As0 3 S, 
was formed thus, 

1. H3ASO4 + H2S = H 3 As0 3 S 4- H 2O. 

The normal reaction, which takes place between a solution of 
arsenic acid and a large excess of hydrogen sulphide is represented 
by the author thus, 

2. 2H 3 As 0 3 S + 3H*S = AsaS, + 6H*0, 

whereas the formation of a mixture of arsenic trisulphide and 
sulphur, which takes place in the presence of a small quantity of 
hydrogen sulphide, especially at a higher temperature, is a secondary 
one, and is represented by him thus, 

(a ) 2H3ASO3 4“ 6HC1 = 2AsCls 4- 6H2O, and 
(&.) 2AsCl s 4- 3H s S = AsS* + 6H0L 

The question now arises : Is the great analogy shown, as regards 
the formation of either pentasulphide or a mixture of trisulphide and 
sulphur by both arsenic and antimonic solutions when treated with 
hydrogen sulphide, due to a strictly analogous chemical process ? 

Before trying to answer this question, -we have to consider the 
well-known fact that when antimony is separated from arsenic by 
Bunsen’s method (1878), in a solution containing both elements in 
the pentavalent state, the addition of hydrogen sulphide water 
causes the precipitation of antimony pentasulphide practically at 
once , whereas the arsenic acid remains practically completely in solu- 
tion, while the excess of hydrogen sulphide is being driven out by a 
current of air. 

After the liquid has been treated in the manner just described, 
Bunsen prescribes the addition of a few drops of chlorine water, 
undoubtedly with the object of oxidising some substance in solution. 
This substance may be either (a) arsenious acid, or (b) oxysulpharsenic 
acid, or (c) a small amount of hydrogen sulphide left in the liquid. 
As the question has never been discussed before, I may he allowed to 
say a few words about it. 

Bunsen evidently intends to prevent the formation of any arsenic 
trisulphide by the subsequent action of the hydrogen sulphide. 

Supposing (c) to be the aim, then, if a trace of hydrogen 
sulphide were left in the liquid — although this is highly improb- 
able — it would certainly be destroyed. 

As regards the oxidation of ( a ) arsenious acid, it is not very 
probable that it is formed during the process, and, if it were, that it 
would be entirely oxidised, as (6) the oxysulpharsenic acid un- 
doubtedly present would also require chlorine for oxidation at the 
same time* 
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This last substance was unknown to Bunsen in 1877, and we have 
no available data regarding the amount or quantity in which it is 
formed during the process, but, if the few drops of chlorine water 
were supposed to destroy it entirely, its quantity must be very 
small. 

In order to solve this question the following experiment was 
made. 

E. Action of Hydrogen Sulphide on Arsenic acid , Oxysulpharsenic 

add. 

Five grains of arsenic trioxide was carefully and completely 
oxidised with nitric acid, the excess of the latter removed by evapora- 
tion, and the arsenic acid diluted with water to 1000 c.c. 

Fifty c.c. containing 0*3589 gram of HsAsO* was acidified with 
10 c.c. of hydrochloric acid, and 200 c.c, of a freshly-saturated aqueous 
solution of hydrogen sulphide was added. Not a trace of a precipitate 
or turbidity was obtained. After stirring for several minutes, exactly 
as is done when antimony is to be separated from arsenic by Bunsen’s 
method, a rapid current of filtered air was passed through the liquid 
contained in a covered beaker under a bell-jar, by suction (this plan 
besides being automatic, answers the purpose much better than the 
use of a fool-blower) for one hour in order to expel every trace of 
hydrogen sulphide, although 10 minutes would have been sufficient. 

On adding a few drops of bromine water, separation of sulphur 
took place, showing that all the sulphoxyarsenic acid had not been 
destroyed, as it was only after the addition of about 10 c.c. of a 
strong solution of bromine in potassium bromide (Gladding solution : 
50 c.c. Br, 75 grams KBr, 500 e.c. HoO) that the sulphur present 
was entirely oxidised. 

After removal of the excess of bromine, 4c., the liquid yielded 
0*2225 gram of barium sulphate, corresponding with 0*0306 gram of 
sulphur. This quantity represents 0*15074 gram of H 3 AsOjS, and 
as the arsenic acid present would have yielded 0*3991 gram of 
HsAs0 3 S, it is seen that 37*77 per cent, of the arsenic acid was corn- 
verted into oxysnlpharsenic acid. The sulphur found could only be 
from that compound, as 200 c.c. of the above hydrogen sulphide 
water when treated exactly in the same manner in a blank experi- 
ment (without any arsenic acid) gave no appreciable trace of barium 
sulphate. 

The statement of McKay — “ Sulphoxyarsenic is the end product, 
provided the amount of sulphuretted hydrogen which has acted on 
the arsenic acid is in comparison with the amount of arsenic acid in 
the dilute solution, extremely small" — requires alteration, for whereas 
the above quantity of arsenic acid requ ires 0*081 gram of sulphur for 

2 o 2 
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complete conversion into oxysulpharsenie acid, as much, as 0 4 gram 
of sulphur was present in the hydrogen sulphide nsed ; that is, five 
times the quantity required, and one-thirteenth of that was really 
absorbed. 

I may be allowed to remark here that experiments made in this 
laboratory have shown that arsenious acid maybe separated from 
arsenic acid quantitatively exactly as proposed by Bunsen for 
antimony and arsenic. 

It is also of historical interest, and certainly does not diminish 
Bunsen’s claims, to find the germ of his classical method in Qmelin’s 
Eandbuch, 5th edition (1853), 2, 733* 

F. Action of Hydrogen Sulphide on Antimonic acid . 

Whereas arsenic acid is converted first into oxysulpharsenie acid, 
even when hydrogen sulphide is in excess, antimonic acid is precipi- 
tated by this reagent almost instantly, and here lies a great difference 
between the two acids. 

Further, not only is oxysulpharsenie acid known, but also its 
stable salts (Bouquet and Cloez, McKay) ; whereas oxysulphanti- 
monic acid has never been obtained, and all attempts to prepare the 
oxysulphantimonates have hitherto proved futile. T shall return to 
this subject hereafter. 

These facts are, d priori , against a complete analogy as regards the 
mechanism of the action between hydrogen sulphide and arsenic acid 
on the one hand and antimonic acid on the other. 

Before attempting to study the last question experimentally, we 
have to consider the difference in solubility of the two acids in water. 
The sparing solubility of antimonic acid in water is a function of 
the atomic weight of antimony, that is, the oxy-compounds of 
antimony, as a higher member of the fifth natural group are of a less 
negative (or more positive) character than those of the lower 
members of that group. On account of its sparing solubility, it is 
somewhat difficult, in the case of antimonic acid, to establish the 
same conditions of experimenting as McKay has done with arsenic 
acid. 

Again in is not possible to obtain a slightly acidified solution of 

* Antimony is tested for arsenic thus: “Its powder deflagrated (verpufft) with 
about one-fourth part of saltpetre and treated with water, gives a filtrate containing 
potassium arsenate and antimoniate. It gives, therefore, on supersaturation with 
hydrochloric acid and then rapid saturation with gaseous hydrogen sulphide, a 
yellowish-red precipitate of antimony jpeniasulphide after rapidly filtering and 
keeping in a closed vessel, a yellow precipitate of arsenic jpeniasulphide is obtained 
after a time.” Unfortunately tbe author ot this long forgotten method is not given, 
(The italics are mine.— B. B.) 
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an antimoniate in the same way as it is witli an arsenate, because in 
an aqneons solution of the relatively most soluble potassium anti- 
moniate (the salt used in all subsequent experiments was that 
employed in qualitative analysis for the detection of sodium; its 
formula appears to me still somewhat doubtful), an insoluble precipi- 
tate of antimonic acid is produced on the addition of an acid. The 
only way in which a clear acid solution of antimonic acid could be 
obtained was by acidifying a large quantity of water with sulphuric 
or hydrochloric acid, and then pouring into it an aqueous solution 
of potassium antimoniate, stirring continuously. When too little 
mineral acid is used, a turbidity appears which cannot be easily 
removed. 

For the following experiments, 15 grams of potassium antimoniate 
was dissolved in 1 litre of boiling water, and the cooled liquid filtered 
after a time. One hundred c.c. of the clear solution was found to 
contain a quantity of antimonic acid corresponding with 0*8236 gram 
of Sb 2 0 6 . This requires, for complete conversion into antimony 
pentasnlphide, 220 c.c. of a freshly saturated solution of hydrogen 
sulphide containing about 0*2 gram of H s S in 100 c.c. 

Two thousand five hundred c.c. of water was strongly acidified 
with sulphuric acid and 100 c.c. of the above solution of potassium 
antimoniate was poured in, so that a clear solution was obtained. To 
this, 50 c.c. of hydrogen sulphide solution was added ; an orange solu- 
tion was produced, which, after some time, became opalescent. The 
hydrogen sulphide was so completely absorbed that its smell dis- 
appeared entirely after very short shaking of the closed flask. After 
a few hours, the opalescence changed to a turbidity, and at the end 
of 24 hours, a yellow precipitate separated of very nearly the same 
colour as the sulphides of arsenic. 

In order to find whether it is not a compound corresponding to oxy- 
sulpliarsenic acid, SbaC^S*, it was collected, repeatedly washed with a 
small quantity of water, and then successively with alcohol, with a 
mixture of alcohol and carbon bisulphide, with carbon bisulphide, 
and finally with alcohol. It was inferred by the turbidity of the 
filtrates that a large quantity of free sulphur was being washed out. 
After drying at 100°, it was analysed. 

0*1164 gave 0*1035 Sb^O*. Sb = 70*20 per cent. 

0*1885 „ 0*0222 BaSO*. S= 1*62 „ 

From these data the calculated atomic proportion of sulphur to 
antimony is 

S : Sb = 1 : 11*6, 

which shows that the compound is not the expected oxysulphide, in 
fact, that it is not a definite compound at all. The large quantity of 
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free sulphur contained in it originally, that is sulphur from the hydro- 
gen sulphide used for its precipitation, and amounting to 0*0941 gram, 
was almost entirely washed out by carbon bisulphide, and only 
0*0049 gram of it was left in the precipitate as combined sulphur. 

The following experiments were made with a hydrochloric solution 
of antimonic acid in order to avoid a possible admixture of sulphur 
from the sulphuric acid as used above. 

Water, 2500 c.c., was acidified with 50 c.c. of hydrochloric acid* 
and 100 c.c. of the above antimoniate solution added; the clear 
solution was then mixed with 50 c.c. of hydrogen sulphide water* 
A deep orange solution was obtained, which in 15 minutes became 
opalescent and then turbid, and after 24 hours a yellow precipitate 
separated. This was collected, washed three times with a small 
quantity of water, then with alcohol and carbon bisulphide, dried* 
and analysed. 

0*18125 gave 0*1679 Sb 2 0 4 . Sb = 73*15 per cent. 

0*1228 „ 0*0068 BaSO*. S = 0*76 „ 

0*1269 „ 0*0097 H 2 0. H a O = 7*64 „ (directly weighed 

after heating with anhydrous sodium carbonate in a current of air.) 
Total 81*55 per cent. As the precipitate contains nothing except 
mere traces of chlorine and potassium which were too small to be 
determined, the missing 18*45 per cent, were taken as oxygen. I 
call this Precipitate A. 

Precipitate B was obtained exactly in the same way, but its free 
sulphur was not removed by washing with carbon bisulphide. 

0*2823 gave 0*2071 SbaO*. Sb =s 57*92. 

0*1761 „ 0*2144 BaS0 4 . S = 16*73. 

0*1666 „ 0'0163 H a O by direct weighing. H a O = 9*78. 

Total 84*43 per cent, oxygen = 15*57 per cent. 

In order to compare the composition of Precipitate A with that of 
B, the relation of combined Bulphnr to antimony was assumed to be 
the same in both precipitates, and, in addition to this, it was assumed 
that this sulphur was present in the form of antimony trisulphide* 
It dees not alter the result much if it were present partly as penta- 
sulphide. The percentage composition of the two precipitates is 
then — 



A 

B. 

STjA 

2*66 

210 

Free S 


16-13 

Sb*0» 


31-00 

Sb.0, 

39-65 

40 99 

HjO 


9 78 


100-00 

100-00 
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It is seen from the above very carefully conducted analyses (1) 
that the original precipitate is not an oxy sulphide ; (2) that it con- 
tains a considerable quantity of free sulphur ; (3) that it contains 
some antimonic acid, together with its reduction product — anti- 
monious acid. The two acids could not have been held completely 
in solution during the action but must have been carried down along 
with the small quantity of the sulphide (or oxysulphide ?) precipi- 
tated, for it is noteworthy that the same solution, without the addi- 
tion of hydrogen sulphide, remains clear for days. 

Two atomic proportions of sulphur should give one molecular pro- 
portion of antimony trioxide, or 2S s SbaO s = 1 : 4*5, but the 
quantity of antimony trioxide found in the precipitate was really 
smaller, and so it was expected that some antimonious acid would be 
found in the original filtrates. This was proved to he the case by 
the following experiment. 

The filtrate was precipitated with a large excess of aqueous 
sulphuretted hydrogen, the precipitate collected on a Gooch crucible, 
washed with carbon bisulphide, dried, and weighed. It was then 
converted into antimony trisulphide in a current of carbon dioxide at 
220°, and weighed again. On multiplying the loss of weight 
(sulphur of the pentasulphide) by 6*2431, the quantity of pentasul- 
phide is obtained. 0*4153 gram of the precipitate lost 0*0287 gram 
of sulphur. The percentage composition of the precipitate is 

SbiSs 56*86 

Sb a S 6 43*14 

100*00 

This shows that more than half of the antimony contained in the 
filtrate is found in the state of antimonious acid. 

In order to more fully study the action of hydrogen sulphide on an 
excess of antimonic acid, the following two series of experiments 
were made. 

Series A . — Ten c.c. of the above standard solution of potassium 
antimoniate requires 22 c.c. of hydrogen sulphide water for complete 
precipitation ; so less than half this quantity, namely 10 c.c., was 
used. 

The solution of antimonic acid was prepared in each case by acidi- 
fying 100 c.c. of water with n c.c. of sulphuric acid of 25 per cent., 
and then adding 10 c.c. of antimoniate solution, and afterwards 
10 c.c. of sulphuretted hydrogen water with the following results. 

(Al.) n =s 0 ; solution perfectly clear and colourless ; after 
some minutes, clear yellow, then an orange coloured turbidity. After 
24 hours, only a trace of a precipitate is found at the bottom of tho 
beaker. Hydrochloric acid gives a precipitate of antimony sulphide 
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and the same precipitate is obtained on adding a solution of ammo- 
nium chloride. 

If much water is added to the original solution, it turns orange, 
but will keep perfectly clear for a long time ; sometimes it will not 
give any precipitate even on adding an acid and a large excess of 
hydrogen sulphide. Such a liquid must be assumed to contain the 
solution of a colloidal form of antimony pentasnlphide, probably free 
snlphantimonic acid. 

(A 2.) n = 0*05 c.c. ; orange coloration at once ; after one minute, 
a slight opalescence; no turbidity after one hour; at the end of 
24 hours, a pale yellow turbidity. 

(A 3.) n = 0*1 c.c. ; same as (A 2), the liquid becomes tnrbid, 
and after 24 hours a trace of a white precipitate separates from the 
orange solution. 

(A 4.) n = 0*2 c.c. ; same as (A 3) ; no precipitate. After one hour, 
an orange precipitate begins to form ; and, after 24 hours, another 
layer of a yellow precipitate is deposited upon the first. The super- 
natant liqnid is colourless and slightly tnrbid. 

(A 5-) n = 0*5 c.c.; same as (A 4). Light orange precipitate 
after one hour, but the solution keeps clear the longest of the whole 
series. Later on, a paler precipitate separates, and the liquid 
becomes orange coloured and very turbid. After 24 hours the upper 
precipitate is pure yellow, and the supernatant liquid clear and 
colourless. 

(A 6.) n = 1 c.c. ; orange turbidity at once ; after shaking, a 
* copious precipitate of the colour of antimony pentasnlphide separates, 
and later on there is a precipitate of the colour of arsenic trisulphide. 
The supernatant liquid is colourless and slightly turbid, but from 
this, after 24 hours, a yellowish- white precipitate separates, and the 
liquid becomes perfectly clear. 

(A 7.) n = 2 c.c. ; turbidity at once, and, after shaking, a copious 
orange precipitate ; liquid almost clear. 

(A 8.) n = 4 c.c.; same as (A 7). 

(A 9.) n = 8 c.c. ; same as (A 8). 

(A 10.) n = 16 c.c. ; same as (A 9). 

(A 11.) n = 32 c.c. ; same as (A 10) ; liquid clear. 

Series B. The conditions were the same as in A except that only 
half the volume of H 2 S -water, that is, 5 c.c. was added. 

(BIO n — 0; solution clear and colourless; after 24 hours, an 
orange opalescent tnrbidity, but no precipitate. 

(B 2.) n = 0*05 c.c. ; pale yellow, clear solution, becoming opal- 
escent; after one hour, a strong yellow opalescence ; after 24 hours, 
a pale yellow turbidity, but no precipitate. 

* (B S.) n tbs 0*1 c.c. ; clear yellow solution ; after one hour, strong 
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white opalescence ; after 24 hours, a pure white precipitate separated 
from the clear, colonrless liquid. According to an analysis, the 
white precipitate contains free sulphur, together with antimonious 
and antimonic acids, but absolutely no sulphur is combined with 
antimony. 

(B 4.) n = 0*2 c.c., darker yellow solution, then opalescence. 
After one hour, strong, white opalescence ; after 24 hours, a white 
precipitate. When more acid is present than in B 3 and B 4, some 
antimony will be separated as sulphide, and this increases with the 
quantity of free acid present. 

(B 5.) ii = 0*5 c.c,, clear yellow solution, which keeps transparent 
the longest of the whole series. After one hour, a strong, yellowish- 
white opalescence ; after 24 hours, a nearly white precipitate with a 
slight, sulphnr-yellow shade. 

(B 6.) n = 1*0 c.c., solution clear yellow, soon becomes turbid. 
After one hour, a precipitate of the colour of arsenic trisulphide, 
liquid same turbidity ; after 24 hours, a yellow precipitate. 

(B 7.) ii = 2 c.c., solution at once turbid. After 24 hours, a 
yellow precipitate with a white layer over it. 

(B 8.) n = 4 c.c. ; same as B 7. 

(B 9.) n = 8 c.c. ; same as B 8. 

(B 10.) n = 16 c.c. ; same as B 9. 

(B 11.) n = 32 c.c., yellow turbidity. After one hour, pale orange 
flocks ; liquid clear. No change after 24 hours. 

After this, some of the precipitates obtained in a similar way were 
analysed. 

To 2000 c.c. of water, 5 c.c. HG1, 100 c.c. of antimoniate solution, 
and 50 c.c. of H 2 S water were added. A clear, yellow precipitate 
separated ; this was washed with dilute hydrochloric acid and kept 
long in contact with an excess of hydrogen sulphide water, in order 
to convert free antimonious and antimonic acid into the sulphides. 
After washing with water, carbon bisulpbide, &o., it was found to 
consist of 

Sb 2 S 5 43*5 

Sb s S a 56*5 

100'Q 

The precipitate corresponding to (B 11) was prepared next by 
mixing 1000 c.c. H*0, 320 c.c. H^SO*, 100 c.c. of antimoniate solu- 
tion, and 50 c.c. H 3 S water. An orange coloured precipitate separated 
nt once . 

On washing with carbon bisulphide, it evidently lost much free 
sulphur. It contained 
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SbaS 5 59*95 

Sb& 40*05 


100*00 


Gh Hypothetical Potassium Oseysu Iphantimoniaie. 

The precipitate corresponding to (B 3) was prepared by mixing 
100 c.c. of antimoniate solution and 50 c.c. of hydrogen sulphide 
water. The solution soon became yellow, and then a pale orange 
opalescence was produced ; on adding a saturated solution of ammo- 
nium chloride, an orange precipitate was formed. Half of the precipi- 
tate was analysed after filtration and washing with water only (A), 
the other half after washing with carbon bisulphide, when it was 
found to lose free sulphur (B) ; this precipitate is deep red. 

A. 0*209 gram yielded 0*1698 gram ShjSs. The precipitate contains 
therefore, for every 100 parts of Sl^Sg, 23*09 parts of sulphur, free 
and combined. 

B. 0*1564 gram yielded 0*1440 gram SbgSs. The precipitate contains 
for every 100 parts of Sb 2 S 3 , 8*60 parts of combined sulphur. 

From the above data the composition of the precipitate is calcu- 


lated. 

Antimony trisulphide 44*56 

Antimony pentasulphide 43*67 
Free sulphur 11*77 


100*00 

Tha composition of this* precipitate, after the removal of free 
sulphur, corresponds very closely with that of antimony tetrasul- 
phide. 

In the experiments A 1 and B 1, and in that just described, salts of 
oxysulphantimonic acid ought to have been formed if they are cap- 
able of existence.* In fact the solution originally obtained is colour- 
less, and it is possible that it contains potassium oxy sulpliantim oniate, 
K 3 Sb0 4 + H*S + Aq = K s SbO s S + H a O -f Aq (this equation 
being, of course, hypotheticalf). This salt, however, is very unstable- 

* Feit and Eubierschky (JBer., 1888, 21, 1660) hare mad© a series of experiments 
with the object of preparing oxygen derivatives of sulphanfcimomc acid (oxysulph- 
anfchnoniates, &c.). The results obtained were entirely negative, and the authors 
conclude from their experiments that derivatives of antimonic acid containing less 
than four atoms of oxygen replaced by sulphur are incapable of existence at the 
ordinary temperature. Their experiments are, however, not identical with those 
made above. 

t Assuming that antimonic acid is a monobasic acid, the formula© of it and of its 
derivatives in the above, and m the equations which occur later on, would become 
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and decomposes very soon. The colourless liquid becomes yellow, 
then orange, and opalescent as described under Ai and B A ; on adding 
ammonium chloride, a mixture of antimony pentasulphide and tri- 
sulphide with free sulphur is separated. 

It should be added that this liquid containing, hypothetically, 
potassium oxysulphantimoniate, immediately after the hydrogen 
sulphide solution has been added, has the odour of that gas, and that, 
even if the quantity of the latter is insufficient to convert all the 
antimony into sulphide ; silver sulphate also produces in it a black pre- 
cipitate of silver sulphide. After several hours, however, when 
absorption of the hydrogen sulphide is complete, the liquid is yellow 
or orange, and decomposition has taken place. The solution with 
silver sulphate now gives a greyish-brown precipitate which after 
some time turns black. 

A neutral solution of potassium antimoniate gives, with silver sul- 
phate, a white precipitate ; but a strongly acid solution, obtained by 
adding antimoniate solution to dilute sulphuric acid, is not precipi- 
tated by silver sulphate, although if silver sulphate or silver sulph- 
antimoniate is precipitated from such a solution, the precipitate 
is invariably white. For this reason it was very difficult to repeat 
with such solutions McKay’s reactions of oxysulpharsenates. When, 
however, an excess of hydrogen sulphide is added to a neutral solu- 
tion of potassium antimoniate, decomposition occurs in a very short 
time with strong orange-coloured turbidity, followed by separation of 
an orange-coloured precipitate. 

The above and this last mode of decomposition of a solution of the 
hypothetical oxysulphantimoniate of potassium is, however, perfectly 
analogous to the decomposition of potassium oxysulpharsenate during 
its formation. McKay has observed that on treating a hot solution 
of potassium arsenate with a rapid current of hydrogen sulphide , 46 a 
considerable amount of sulphide of arsenic ” (trisulphide or penta- 
sulphide ? B. B.) “ separates out.” With potassium antimoniate, the 
same decomposition was observed by me to take place in the cold. 

The study of this peculiar decomposition would be an interesting 
subject for farther research. I am not quite satisfied with the 
results obtained, so as to be able to express the mode of decomposi- 
tion of this hypothetical solution of potassium oxysulphantimoniate 
by means of an equation, and other work which I regard as more 
important does not allow me to devote more time to it. 

BSb0 3 , KSb0 3 , HSbSs, HSbO a S, instead of 

HiSbOfc KiSb0 4 , HJSbS* H a SbO a S, 

but this change is of no cardinal importance as regards the final conclusions' 
arrived at. 
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H. Hypothetical Sul pharit imonic and Oxysulpliantimonic acids. 

It has been shown above that on acting on a solution of antiraonic 
acid with an insufficient quantity of hydrogen sulphide, reduction to 
antimonious acid, accompanied by the separation of free sulphur, takes 
place after several hours. 

Let us first consider the question whether this action could be 
explained by the “ old reduction hypothesis,” 

HsSbO* 4* H 2 S 4 Aq = H^bOa 4 ILO 4 S 4 Aq# 

This hypothesis is disproved by the following observations. 

1. On adding to an acid solution of an antimoniate a quantity of 
hydrogen sulphide insufficient for complete precipitation of the anti- 
mony as pentasnlphide, an orange, opalescent liquid is obtained. 
Hydrogen sulphide is so quickly and completely absorbed that the 
liquid smells of it only for a few seconds, and gives with silver nitrate 
or sulphate a black precipitate of silver sulphide. Immediately after- 
wards the atmosphere of the vessel is without action on lead paper, 
and silver sulphate produces only a light brown precipitate, which 
after many hours decomposes and becomes black. On account of the 
instability of the silver precipitate and of the solution, it was impos- 
sible to repeat with the latter ATcKay’s reactions for oxysulpharsenic 
acid. It is, however, seen that hydrogen sulphide as such does not 
reduce aniimonic acid, and that its sulphur is completely combined 
with antimony, most probably as sulphantimonic acid. 

2. Very few experiments have been published from which we can 
judge as to whether antimonic acid is reduced easily or with difficulty 
by reducing agents. In order to answer this question, sulphurous 
acid in large excess was added to a solntion of potassium antimoniate 
in sulphuric add, and after it had been allowed to act for 24 hours, 
the excess was completely removed by a rapid current of air. 

The liquid, from which some antimonious hydroxide had separated, 
was then strongly acidified with hydrochloric acid and precipitated 
with a large excess of aqueous hydrogen sulphide. The predpitate 
was collected, washed with carbon bisulphide, dried first at 105°, and 
then at 220° in carbon dioxide. 

0*3125 gave 0*2999 SbaSj, so that the composition of the precipi- 


tate is 

Antimony trisulphide 74*83 

Antimony pentasnlphide 25*17 


100*00 

This experiment disproves the reduction hypothesis, for it shows 
that such a powerful reducing agent as sulphurous add, even when 
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present in large excess and acting for along time, is unable to i educe 
more than three-quarters of the autimonic acid present to antimo- 
nious acid, and thus a direct reduction by hydrogen sulphide becomes 
very improbable, especially as its sulphur combines directly with 
antimony. 

Whatever the proportion between antimonic acid, free mineral 
acid, and hydrogen sulphide, it is always found that the sulphur of 
the hydrogen sulphide enters first into combination with antimony. 
The sulphide exists at first in a colloidal state in solution, so that 
the latter may be assumed to contain the hypothetical sulphantimonic- 
acid H 3 SbS 4 . 

Now we have the following alternatives. 

1. — When hydrogen sulphide is present in excess, together with a 
free mineral acid, the sulphantimonic acid produced at first is decom- 
posed with formation of pure antimony penta3ulphide. 

2H 3 Sb04 4- 8H2S -f- Aq — 2H 3 SbS4 4* 8H 3 0. 

(b.) 2H 3 SbS 4 + wHCl + Aq = SfaA + 3H 2 S 4- nSCl. 

Here we have a cardinal difference between antimony and arsenic, 
for whereas arsenic acid is not precipitated by hydrogen sulphide 
until after the lapse of some time, a soluble form of antimony sulphide 
is produced at once in a solution of antimonic acid, as seen from the 
deep orange colour of the liquid. In this respect, antimonic acid 
resembles arsenious acid, or behaves very like the other more 
positive compounds of the metals of the hydrogen sulphide group. 

2. — In the second alternative the antimonic acid is in excess over 
the quantity of hydrogen sulphide. On considering all the experi- 
ments contained in the present and the foregoing paper, the follow- 
ing explanation appears to me to be the most probable. 

At first some sulphantimonic acid is also formed, but this, in 
contact with the excess of free antimonic acid present, combines to 
form oxysulphantimonic acid, thus 

(a.) H s SbS* + 3H 3 SbOi + Aq = 4H 3 Sb0 3 S + Aq, 

This must he a very unstable compound which, as soon as it is 
formed, decomposes into antimonious acid and free sulphur, thus 

( b .) wH 3 Sb0 3 S 4- iwHCl 4- Aq == ?iH 3 Sb0 3 4- «S 4- wHCl 4- Aq. 

The deep orange colour of the liquid first formed, and correspond- 
ing to the state (a), disappears more or less completely on standing, 
and antimonious acid is formed, together with free sulphur, corre- 
sponding with the state (&). 

This ideal case, corresponding with the decomposition of McKay’s 
oxysulpharsenic acid at a higher temperatuie, was reached in the 
experiments (B 3) and (B 4), when a pure white precipitate, a mix- 
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tnre of free sulphur with antimonious acid, alone separated. It 
depends also on the proportion of free acid present whether anti- 
■monions acid remains in solution or whether it is partly precipi- 
tated. 

In the majority of cases described in this and the foregoing paper, 
the reaction 2 is accompanied by the reaction 1, for, as seen from 
the experiments (A 4 — 11) and (B 5 — 11), the presence of more 
free acid, coster is paribus, causes the decomposition of a part of the 
sulphantimonic acid first forced, the antimony pentasulphide being 
precipitated instead of entering into unstable combination with 
antimonic acid. In addition to this, the action is complicated in so 
far as some antimony trisulphide is thrown down along with the 
pentasulphide, the trisulphide being formed most probably by the 
direct action of hydrogen sulphide on antimonious acid formed 
rapidly in the mode 2(6) when a large excess of free mineral acid is 
present. (See analysis corresponding with experiment B 11.) 

That considerable time is required before the state of unstable 
equilibrium corresponding with the formation of oxysulphautimonic 
acid is reached is seen from Dr. Bosek*s experiments 18 and 19 (this 
vol., p. 520), when the addition of hydrogen sulphide solution, even 
drop by drop, was too rapid to cause a reduction of more than 3 — 5 
per cent, in two hours. It is unfortunate that the formation of 
insoluble sulphur, which takes place in the presence of a larger 
quantity of hydrochloric acid (experiment 20), complicates the pheno- 
menon, as the presence of a large quantity of free mineral acid 
evidently promotes the rate of formation of oxy sulphantimonic acid. 

When working at a higher temperature, oxysulphantimonic acid is 
formed more rapidly, and reduction reaches 77 per cent, at 70° 
(experiment 21), whereas at 100° as much as 86 per cent, of antimony 
trisulphide is formed. Here the analogy to oxysulpharsenic acid is 
far more apparent, although, under the same conditions, the forma- 
tion of arsenic trisulphide will undoubtedly reach a still higher per- 
centage. 

In all the reactions described, the more positive character of 
antimony as compared with arsenic appears distinctly, and this 
difference between the two elements corresponds exactly with their 
position in the periodic system, especially with that of antimony, as 
being a highei member of the fifth group than arsenic. 


Antimony forms a transition to the highest, most positive member 
of the same group, namely, bismuth, the peatavalent oxygen com- 
pound of which — a peroxide of the water type — oxidises hydrogen 
sulphide merely, and does not form a pentasulphide. The behaviour 
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of its tervalent compounds towards hydrogen sulphide brings it 
among the more positive metals of the mercury, lead, &c. } group. 

I. Action of Hydrogen Sulphide on Telluric acid . 

The third analogous acid, the behaviour of which towards hydrogen 
sulphide has been investigated, is telluric acid. It is more negative 
than antimonic acid, owing to the position of tellurium in the same 
(seventh) series as antimony, and in its immediate neighbourhood in 
the sixth group. It forms a transition to periodic acid, which is so 
negative that it is not precipitated by hydrogen sulphide. 

From the many experiments made by me with the object of study- 
ing telluric acid, and especially its behaviour towards hydrogen 
sulphide, only those are here of interest which show its analogy to or 
difference from arsenic and antimonic acids. 

The behaviour of hydrogen sulphide towards telluric acid is closely 
analogous to its action on arsenic acid, not only in that its cold dilute 
aqueons solution, pure or acidified, is not at once precipitated by 
hydrogen salphide, bat also that a very long time elapses before 
precipitation takes place. 

Brauner and Tomioek have shown that when an excess of hydrogen 
sulphide in the gaseous form acts at the ordinary temperature on a 
solution of arsenic acid, 97'83 to 99*37 per cent, is precipitated as 
sulphide after 24 hours, and 99*87 per cent, after 48 hours (Trans., 
1888, 53, 147, 148, 151). McKay has proved that in a closely 
stoppered bottle complete precipitation takes place in two weeks. 

Telluric acid treated in exactly the same way, that is, when an acid 
solution is put into a closely stoppered bottle with an excess of 
aqueous hydrogen sulphide, gives the first trace of a turbidity after 
the lapse of 24 hours, the first trace of a precipitate after two or 
three days, and even after being kept in the dark and cold for more 
than two months only a very small percentage is precipitated. 

In order to find whether any sulphoxytelluric acid is formed in the 
cold, 0*2831 gram of crystallised telluric acid was dissolved in 50 c.c. 
of water, 10 c.c. of hydrochloric acid added, and then 200 c.c. of 
freshly prepared hydrogen sulphide solution. The liquid, from which 
nothing had been precipitated by hydrogen sulphide, was freed from 
the excess of this reagent by a current of air, after which it was 
oxidised in exactly the same manner as described under E. But 
whereas in the case of arsenic acid 37*77 per cent, of the latter was 
converted into oxysulpharsenic acid, not a trace of combin ed sulphur 
was found in the liqaid in the case of telluric acid, proving that not 
a trace of sulphoxytelluric (oxysulphotelluric) acid was formed under 
the same conditions. 

The excess of hydrogen sulphide was removed, after the lapse of 
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two days, from a mixture of 0*14 gram of telluiic acid with 0 25 
gram of sulphuric acid and 60 c.c. of hydrogen sulphide solution. 
The liquid was tested for sulphoxytelluric acid with silver sulphate 
solution, but not a trace of a precipitate was obtained in the acid or 
in the nearly neutralised solution. 

In order to precipitate a solution of telluric acid completely by 
excess of hydrogen sulphide, the closed vessel containing the mixture 
must be heated in boiling water for six to eight hours at least, so 
difficult is it to precipitate telluric acid completely. 

0*270 gram of pure crystallised telluric acid, H 6 Te0 6 (which is 
very difficult to prepare), after complete precipitation with hydrogen 
sulphide in a closed vessel and drying in a current of carbon dioxide 
for two hours at 100°, gave 0 2641 gram of a mixture of tellurium and 
sulphur corresponding with the atomic proportion of Te -f S s (the 
quantity calculated is 0 2632 gram). On heating at 230° in a current 
of carbon dioxide until the weight became constant, 0*1524 gram of 
tellurium was left (calculated 0*1501 gram). 

0*270 gram of telluric acid, precipitated in the same way with 
hydrogen sulphide, gave 0*1534 gram after washing with carbon 
bisulphide and drying for two hours in a current of carbon dioxide 
at 100°. This residue is evidently a mixture of nearly pure tel- 
lurium with a trace of sulphur only, for on heating in carbon 
dioxide at 230° for three hours it yielded 0*1528 gram of residue. 

These two experiments prove (1) that the piecipitation is complete 
under the conditions described; (2) that the precipitate consists 
essentially of a mixture of tellurium and free sulphur in the atomic 
proportion Te 4- S3; (3) that from this mixture sulphur may be 
removed either by washing with carbon bisulphide or by beating 
at 230° in an inert gas. If any sulphur is combined with tellurium, 
its quantity is exceedingly small. These observations are of some 
interest with regard to the quantitative analysis and determination of 
telluric arid. 

The following experiments were made in order to see whether any 
reduction takes place when hydrogen sulphide acts on telluiic acid, 
the latter being in excess. 

0*270 gram of telluric acid was dissolved in 150 c.c. of freshly 
boiled water and 30 c.c. of freshly prepared hydiogen sulphide solution 
was added, an amount sufficient to precipitate only one-half of the 
telluric acid present; the tightly closed flask containing the mix- 
ture was then heated in boiling water for two hours. As no mineral 
acid was added, a black liquid was obtained containing a solu- 
tion of a colloidal modification of tellurium together with sulphur. 
In order to obtain a precipitate which could be filtered of, tbe flask 
■Was opened for a moment, and l c.c. of sulphuric acid of 25 per 
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cent, added, when it was perceived that the smell ot* hydrogen 
sulphide had not yet completely disappeared. The flask was then 
heated for two hours moro at 100°, after which the hydiogen sul- 
phide was found to be completely absorbed ; the precipitate was 
collected in a Gooch crucible and dried for three hours at 100 — 102° 
in carbon dioxide ; it weighed 0*1272 gram. It was tben heated in 
the same gas for two hours at 230°, when it was found to weigh 
0*0707 gram. The precipitate consisted, therefore, of 0*0707 gram 
of tellurium and 0*0565 gram of sulphur. According to the two 
foregoing experiments, the weight of the sulphur ought to have 
been 0*0517 gram, but, as calculated from the amount of hydrogen 
sulphide used, it should be 0*0565 gram — the weight really found. 
The excess of 0 0048 gram is therefore due to reduction. 

It has hitherto been impossible to detect any trace of a sulphoxy- 
telluric acid in the filtrate. 

The following experiment, analogous to Rose’s expeiiment. with 
arsenic acid, was made : — 0*270 gram of telluric acid was dissolved 
in water, some sulphuric acid added, then hydrogen sulphide solution 
in excess, and the whole heated in an open beaker rapidly to 
boiling, until the excess of hydrogen snlphide was expelled. A small, 
very pale brown precipitate was formed which consisted of a very- 
small quantity of tellurium together with a comparatively larger 
amount of sulphux*. Here, evidently, reduction had taken place. 
This was pioved by filtering off the precipitate and adding to the 
clear, colourless filtrate some h^dregtn sulphide solution; a brown 
coloration was immediately produced, proving that the filtrate con- 
tained a small quantify of tellurovs acid. Ho trace of sulphoxytel- 
luric acid could be found in the filtrate, ?o that, if it was formed, 
it must have been destroyed by boiling. 

lb should he noted that no sutyhoxytelluiates have hitherto been 
obtained, and that, therefore, judging from the analogy to antimony, 
sulphoxytellurio acid will be a veiy unstable substance. Its forma- 
tion in the cold could not be observed, whereas if it were formed 
at a higher tempeiatuie it must have been immediately destroyed. 

In order to test the “old reduction h}potbesis,” telluric acid was 
subjected to the action of sulphurous acid. 

0*270 gram was dissolved in water and heated with 200 c.c. of 
aqueous sulphurous acid in a closed vessel for five hours ; the pre- 
cipitated tellurium was collected on a Gooch filter, washed and dried 
in carbon dioxide at 100° ; irs weight was 0*0167 gram, or only about 
one-tenth of the total quantity (0*1526 gram) which is contained in 
the acid taken. 

This proves how extremely difficult it is to reduce telluric acid 
even by such a powerful reducing agent as sulphurous acid, and, 
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for tbe same reasons as given in the analogous experiment made 
with antimonic acid, I conclude that the reduction hypothesis, 
HjTe0 4 + Hj.S + Aq = H 3 Te0 3 + S + H,0 + Aq, is equally dib- 
proved. 

Conclusions. 

Summarising the results of the experiments made with arsenic 
acid, antimonic acid, and telluric acid, it is seen that, as regards the 
property of not being immediately precipitated by hydrogen sulphide, 
telluric acid resembles arsenic acid, but it surpasses it in so far as it 
is acted on by that reagent with far greater difficulty. It is also far 
more difficult to reduce by sulphurous acid. 

It differs from arsenic acid in so far as no sulphoxyt ell uric acid is 
formed in the cold. 

It resembles antimonic acid in the arrangement* of atoms corre- 
sponding with the formation of a sulphoxy telluric acid being veiy 
unstable, but it differs from it in that if the acid in question is formed 
at a high temperature it is immediately destroyed. 

Tellurium differs, however, most essentially both from arsenic and 
from antimony, in the fact that tellnrous acid as well as telluric acid 
when precipitated with hydrogen sulphide, give, as a final product of 
the action, precipitates consisting almost entirely of free tellurium 
and of free sulphur in the atomic proportions Te + S 3 or Te + S 3 . 
It is therefore impossible to investigate the question whether 
telluric acid when treated with hydrogen sulphide, under certain 
conditions, gives the bisulphide, and under other conditions the tri- 
sulphide, in the same way as this could he done with arsenic and 
antimony, for their sulphides are relatively stable. 

The higher member of the sixth group, fifth series, selenic acid is 
not acted on by hydrogen sulphide at all in aqueous solution. The 
still higher member of the sixth group, third series, sulphuric acid is 
reduced by hydrogen sulphide directly : H 3 S0 4 + H 4 S = SO a + S + 
2H*0 (in the absence of water). 

The difference in behaviour of the acids in question is in complete 
accordance with what might be expected from the position of the 
corresponding elements in the periodic system. 
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cent, added, when it was perceived that the s 21 ell of hydrogen 
sulphide had not yet completely disappeared. The flask was then 
heated for two honrs more at 100°, after which the hydrogen sul- 
phide was found to be completely absorbed; the precipitate was 
collected in a Gooch crucible and dried for three hours at 100 — 102° 
in carbon dioxide ; it weighed 0T272 gram. It was then heated in 
the same gas for two hours at 230°, when it was found to weigh 
0*0707 gram. The precipitate consisted, therefore, of 0*0707 gram 
of tellurium and 0*0565 gram of sulphur. According to the two 
foregoing experiments, the weight of the solphur ought to have 
been 0 0517 gram, but, as calculated from the amount of hydrogen 
sulphide used, it should be 0*0565 gram — the weight really found. 
The excess of 0*0048 gram is therefore due to reduction. 

It has hitherto been impossible to detect any trace of a sulphoxy- 
telluric acid in the filtrate. 

The following experiment, analogous to Rose’s experiment with 
arsenic acid, was made : — 0*270 gram of telluric acid was dissolved 
in water, some sulphuric acid added, then hydrogen sulphide solution 
in excess, and the whole heated in an open beaker rapidly to 
boiling, until the excess of hydrogen sulphide was expelled. A small, 
veiy pale brown precipitate was formed which consisted of a very 
small quantity of tellurium together with a comparatively larger 
amount of sulphur. Here, evidently, reduction had taken place. 
This was proved by filtering off the precipitate and adding to the 
clear, colourless filtrate some hydrogen sulphide solution ; a brown 
coloration was immediately produced, proving that the filtrate con- 
tained a small quantity of tellur ous acid. Ho trace of sulphoxytel- 
lurie acid could be found in the filtrate, so that, if it was formed, 
it must have been destroyed by boiling. 

It should be noted that no sulphoxytellurates have hitherto been 
obtained, and that, therefore, judging from the analogy to antimony, 
sniphoxytelluric acid will he a very unstable substance. Its forma- 
tion in the cold could not be observed, whereas if it were fanned 
at a higher temperature it must have been immediately destroyed. 

In order to test the “old reduction hypothesis,” telluric acid was 
subjected to the action of sulphurous acid. 

0*270 gram was dissolved in water and heated with 200 c.c. of 
aqueous sulphurous acid in a closed vessel for five hours ; the pre- 
cipitated tellurium was collected on a Gooch filter, washed and dried 
in carbon dioxide at 100° ; its weight was 0*0167 gram, or only about 
one-tenth of the total quantity (0*1526 gram) which is contained in 
the acid taken. 

This proves how extremely difficult it is to reduce telluric acid 
even by such a powerful reducing agent as sulphurous acid, and, 
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Lor the same reasons as given in the analogous experiment made 
with antimonic acid, I conclude that the reduction hypothesis, 
H*Te0 4 + H 3 S + Aq = H 2 Te0 3 + S + H a O + Aq, is equally dis- 
proved. 


Conclusions. 

Summarising the results of the experiments made with arsenic 
acid, antimonic acid, and telluric acid, it is seen that, as regards the 
property of not being immediately precipitated by hydrogen sulphide, 
telluric acid resembles arsenic acid, but it surpasses it in so far as it 
is acted on by that reagent with far greater difficulty. It is also far 
more difficult to reduce by sulphurous acid. 

It differs from arsenic acid in so far as no sulphoxytelluric acid is 
formed in the cold. 

It resembles antimonic acid in the arrangement of atoms corre- 
sponding with the formation of a sulphoxytelluric acid being very 
unstable, but it differs from it in that if the acid in question is formed 
at a high temperature it is immediately destroyed. 

Tellurium differs, however, most essentially both from arsenic and 
from antimony, in the fact that tellurous acid as well as telluric acid 
when precipitated with hydrogen sulphide, give, as a final product of 
the action, precipitates consisting almost entirely of free tellurium 
and of free sulphur in the atomic proportions Te 4* S 2 or Te + S 3 . 
It is therefore impossible to investigate the question whether 
telluric acid when treated with hydrogen sulphide, under certain 
conditions, gives the bisulphide, and under other conditions the tri- 
sulphide, in the same way as this could he done with arsenic and 
antimony, for their sulphides are relatively Btable. 

The higher member of the sixth group, fifth series, selenic acid is 
not acted on by hydrogen sulphide at all in aqueous solution. The 
still higher member of the sixth gronp, third series, sulphuric acid is 
reduced by hydrogen sulphide directly : H 2 S0 4 + H 3 S = SO* +■ S + 
2H*0 (iu the absence of water). 

The difference in behaviour of the acids in question is in complete 
accordance with what might he expected from the position of the 
corresponding elements in the periodic system. 
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LIX. — On the Atomic Weight of Tellurium. 

By Bohnslay Bkiuner, Ph.D., Prague. 

Having been engaged since 1883 in investigating tellurium, especially 
with the object of determining its atomic weight, I desire briefly ho 
-call attention to the position m which the problem now stands, and 
to place on record certain conclusions to which I have been led, as 
they are of a somewhat novel character and of interest in connection 
with the recent discovery of argon. 

My analyses of tellurium tetrabromide — of which I presented a 
full account to the Society in 1889 (Trans., 55 , 381 — 411) — gave 
the value, Te = 127*64, as referred to the standard atomic weights, 
O = 16, A g = 107*93, Br = 79*95, or, on reduction to a vacuum, 
Te = 127*71, instead of 125, the number generally accepted. As this 
is 0*86 higher than the atomic weight of iodine, 126*85, whereas from 
the position of tellurium in the periodic series, the atomic weight 
assignable to it should be 123 — 125, I was led to the conclusion 
that tellurium as described is not a simple substance; and in the 
paper in question I drew attention to facts which appeared to support 
this view. 

Through the kindness of Dr. Ludwig Mond, to whom I would 
here give my best thanks, I have since been enabled to work with 
considerable quantities of tellurium preparations. A large quantity of 
tellurium which was purified by the method described in my paper 
(loc. tit), but not distilled, appeared to be free from all ordinary im- 
purities — even when examined spectroscopically — and might have 
been regarded as chemically pure ; but on converting it into sodium 
snlphotellurate and subjecting this to a scries of fractional pre- 
cipitations, fractions of the dioxide were obtained which when 
analysed by titration with 1ST/10 permanganate (see Trans., 1891, 
59 , 58 — 67 ; 238 — 253) gave results showing a valuation in the 
equivalent. 

On subjecting the extreme fractions to the minutest examination, 
it was found that the following known elements could be separated 
from them : at the positive end mercury, thallium, bismuth, copper, 
lead; at the negative, arsenic and antimony. The intermediate 
fraction, after being further purified and converted into tellurium 
dioxide, on titration with permanganate, gave numbers varying only 
very slightly. 

I at first thought that I should succeed in splitting up tellurium 
into the true tellurium (Te = 123—125) and Mendel&fPs hitherto 

2 p 2 
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unknown Dwitellurinm (Dwfc = 214), but from a careful study of 
the subject, and especially of telluric acid, I conclude that it is 
very improbable that the abnormally high “atomic weight” of 
tellurium is due to an admixture of a higher homologue of tellurium, 
having the atomic weight 214. 

I have spent a great deal of time in carefully studying telluric- 
acid, and find that it is extremely difficult to obtain it in a pure state ; 
this was done with the object of determining the atomic weight of 
tellurium by its analysis as a check on the value deduced from the 
examination of the tetrabromide. One “ ratio ” confirms that value ; 
but on trying to obtain other atomic ratios, telluric acid is found 
to behave as a mixture of two substances. I may here add that I 
have discovered a new modification of telluric acid, the existence of 
which was predicted by Berzelius ; it corresponds with the yellow 
tellnrates, whereas the ordinary acid corresponds with the white tel- 
1 orates. 

As there can be little doubt that tellurium has an “ atomic or com- 
bining weight 99 of 127*7, several chemists have proposed to place it 
in the YIHth group of MendeleefTs system. The most important 
leasous are those given by Retgers (Zeit. physikal . Gkem., 1891, 8 r 
6 — 75). From the stndy of the crystalline forms of snlphur and 
tellurium and their componuds, he is inclined to consider that the 
two elements are not isomorphous ; whereas if tellurium is placed in 
the VTIIth group, it exhibits certain properties in common with 
ruthenium and osmium. Quite apart from the fact that there is no 
law that all elements of a natural group must be isomorphous, I do 
not agree with this view of Retgers, for although tellurium has 
hitherto heen regarded as the highest member of the natural group, 
O S Se Te, yet since the discovery of Argon by Lord Rayleigh, and 
Dr. Ramsay, the question has assumed a perfectly new aspect, and I 
have little doubt — supposing that Dewar’s view, defended by Mende- 
leeff, Berthelot, the author of this paper and others, according to 
which Argon is allotropic nitrogen, JST 3 (which became very probable 
after the discovery of Helium, H s or H*), should prove erroneous — 
that Argon must be regarded as an element or a mixture of 
elements belonging to a new group in the periodic system, namely 
the YIHth group of the typical elements and of the elements of the- 
odd series. 

YIHth group. A 1 = 20. A 3 = 88. A* = 82. A 4 =130. 

If, instead of placing tellurium iu this group, we insert in the 
group one of its constituents on the assumption that ordinary tellu- 
rium is a mixture, alloy , or compound of the true tellurium with 
Argon No. 4, or tetrargon, adopting, MendeleefTs nomenclature, it 
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■would consist of equal parts — atoms — of true tellurium and 
tetrargon, for ^i 4 ±* 3 -° — 127 7. 

It is well known that u didymium ” has been shown to be a 
mixture of two elements of nearly identical atomic weights which 
mast be placed very near to each other in the system. Their dis- 
covery was rendered possible by the study of the absorption spectrum 
of didymium first observed by Gladstone. This last circumstance, 
however, does not hold good in a similar case, that of lanthanum, 
and although I found long ago that this may be separated by frac- 
tionation into portions, the “ atomic weight ” of which varies 
between 138*2 and 140, hitherto the absence of an absorption 
spectrum has proved to be a serious drawback in the study of this 
-question.* Regarding tellurium from a similar point of view, we are 
struck by the fact that equal atomic proportions of true tellurium 
and tetrargon will have exactly the atomic weight 127*7, so that 
our ordinary tellurium might be a compound of the formula TexAV 

This view was developed by me at a meeting of the Bohemian 
Academy of Sciences, on March 1, 1895, and it is highly satisfactory 
to find that Lecoq de Boisbaudran ( Corrupt . rend., 1895, 120, 361) has 
arrived at an identical conclusion from a perfectly different point of 
view; his new system being founded apparently on the law of 
harmony of spectral lines (he has calculated in this way the atomic 
weights of gallium and germanium). Accepting my nomenclature ; 
this new group is A 1 = 20*0945, A 2 = 36*40 ± 0*08, A® = 84*01 + 
020, A 4 = 132*71 + 0*15, but he places it in a still greater proximity 
to the group : O S Se Te. 

The above equation becomes ~ ? = 127*7. 

I do not believe that the affinity of A 4 for other elements will be 
quite as small as that of the lower members, and I expect that Lord 
Rayleigh and Dr. .Ramsay, by the study of argon, will be able to 
show us the entirely new chemical direction in which the problem of 
separating tellurium into its constituents should be approached. 

A full account of the results obtained will be given by me in due 
.course to the Chemical Society. 

* The same is repeated in the case of cerium in the recently published note by 
the author (CAem. News, of June 14th, 1895, p. 283). 
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LX . — Note on Liquation in Crystalline Standard 

Gold . 

By T. K. Rose, D.Sc., A.R.S.M., Assistant Assayer of the Royal 

Mint. 

Allots of gold with copper and silver have been examined by Pro- 
fessor W. 0. Roberts- Ansten ( Nineteenth Annual Report on the Mint , 
188S, 53 — 56) and M. Peligot (Bull, de la Soc . d’ Encouragement pour 
r Industrie 'Rationale , T. IV, 1889, 171), with the view of deter- 
mining whether any segregation takes place in them on cooling 
from a molten state. As the result of these experiments, Roberts- 
Austen expressed the opinion that “gold alloyed with silver and 
copper, and properly mixed in the molten state, is practically homo- 
geneous when solid.” He suggested, however, that the development 
of crystallisation, and other remarkable changes produced in the 
structure of gold by the addition of minute quantities of lead, 
bismuth, &c. (Phil. Trans ., 1888, 179, 339), may cause rearrangement 
in the constituents of the standard gold thus rendered impure. The 
experiments described below were made with the view of determining 
whether this is the case or not. 

Tbe standard gold employed was prepared by melting English 
sovereigns, and was found to consist of — 


Gold 916*7 

Silver 11*5 

Copper (by difference) 7 1*8 


1000*0 

Jt was rendered crystalline and brittle by adding to the molten 
metal small quantities of lead or bismuth, and in each case cast into* 
a smoke-blackened, spherical iron mould, 3 in. in diameter, the 
weight of the gold ball being about 135 oz. The metal was poured 
as rapidly as possible, immediately after being thoroughly stirred, 
and the mould made hotter than in ordinary casting, the object being 
to fill the mould before solidification could begin. Under these 
conditions, sound castings were difficult to obtain, owing to the 
contraction of the mass, hut the hollows sometimes formed at the 
“get,” and, penetrating into the metal, did not appear to alter the 
results. The gold sphere was in every case very brittle, and was 
split into two halves without difficulty by a hammer and chisel. 
Samples were taken from various points and assayed for gold in 
triplicate, the results being subject to errors probably not exceeding 
+0*02 per 1000 (see Trans., 1892, 61, 700). On splitting open the: 
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spheres, there was found to be an outer layer, about £ in. thick, 
which had solidified quickly, differing markedly in structure from 
the interior of the mass. The outer layer was yellow, lustrous, and 
finely crystalline, whilst the interior had a redder colour and was less 
lustrous and more coarsely crystalline, faces of the octahedron being 
numerous. The appearance of the fracture was similar in all the 
experiments. 

The chief results are appended. 

L Standard gold containing 0*2 per cent, of bismuth. 

The figures on the diagrams give the fineness in gold of the metal 
at the indicated points. The diagrams represent sections through 
the centres of the spheres. B is a section at right angles to A. 



Means of assay results : — 

Centre of sphere 915*15 

Interior of sphere (intermediate) 915*15 

Exterior of sphere 914*64 

Difference 0*51 


Maximum difference between inside and outside cuts, 
0*8 per 1000. 
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II. Standard gold containing 0*4 per cent, of bismuth. 



Means of assay results : — 

Centre of sphere 913*78 

Intermediate . . . 913*51 

Exterior (15 assays) 912*74 

Difference 1*04 


Maximum difference between inside and outside of 
ball, 1*28 per 1000. 

The structure was more coarsely crystalline than in No. 1. 

The curve showing the rate of cooling of this ball was subsequently 
prepared by means of Roberts- Austen’s recording pyrometer, but 
there was no perceptible sign of a second freezing point near the 
melting point of bismuth. This second freezing point has, however, 
more recently been observed by Roberts- Austen himself, using a more 
sensitive galvanometer in connection with the pyrometer, in the case 
of standard gold containing 0*4 per cent, of bismuth. He announced 
the result in his Third Report to the Alloys Research Committee, 
appointed by the Institution of Mechanical Engineers (p. 7, read 
April 26, 1895). 
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III. An alloy containing rather more gold than that present in 
standard gold was rendered brittle by the addition of 0*2 per cent, of 
lead. 



Means of assay results : — 

Centre of sphere 922*95 

Intermediate 922*90 

Exterior (12 assays) . , 922*16 


Maximum difference between the inside and the out- 
side of the ball, 1*2 per 1000. 

IV. The same metal melted and cast in a similar mould 2£ in. in 
-diameter. 



922.46 


922.46 

Means of assay results. 

Gold : centre of sphere 923*00 

Intermediate 922*82 

Exterior 922*42 


Difference 


0*58 
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"M'flTimTmfi difference between the inside and the outside of the ball. 


0*6 per 1000. 

Silver : centre of sphere 12*0 per 1000 

Outside of sphere 9*7 per 1000 

Difference 2*3 per 1000 


The exact position of the bismuth and lead in the various spheres 
was not ascertained. It is clear from the results, which were obtained 
over two years ago, that liquation takes place in standard gold if it 
has been rendered crystalline by either bismuth or lead, the centre of 
the mass becoming enriched in both gold and silver. 

From this, it appeared probable that the lead and bismuth do not 
solidify with the main bulk of the standard gold, bnt remain melted 
until a much lower temperature is reached, the presence of the molten 
material enabling the part first solidified to assume a more definite 
crystalline form than would otherwise be possible. This has since 
been verified by Roberts- Austen, as mentioned above. 

As the mass solidifies, beginning at the outside, the liquid bismuth 
and lead move towards the centre, carrying with them larger 
quantities of gold and silver than of copper, owing to the fact that 
the two former metals dissolve in bismuth or lead in greater propor- 
tion than the latter does. The liquation is thus readily accounted 
for. 

It follows that the presence of such metals as lead and bismuth in 
unrefined gold bullion (which usually contains silver and copper) 
would render untrustworthy the system of valuation based on assays 
of pieces cut from the edges of ingots. The occasional discrepancies 
observed between assays of <c dip samples ” and “ ouside cuts ” are 
thus probably due to occurrence of liquation such as I have shown to 
take place. 


LXL — Substitution-derivatives of Urea and Thiourea „ 

By Augustus E. Dixon, M.D. 

In order to obtain the data required for an investigation in which the 
author has lately been engaged, it became necessary to verify the 
melting points of certain derivatives of urea, and of its sulphur 
analogue, and also to prepare a nnmber of allied eomponnds, whose 
properties have not yet been recorded; the present communication is 
limited to a brief account of the principal experimental results thus 
incidentally obtained. 

Determinations of melting point were made in narrow tabes, using 
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a calibrated thermometer, and, in all cases, the observed temperatures 
are corrected for the exposed portion of the thread of mercury. 

Thiourea Derivatives . 

TrimethyltMourea, GH 3 , NIC(SB[)*N(CK3)2. — This was produced, 
with evolution of heat, on mixing methylthiocarbimide and dimethyl- 
amine in alcoholic solution. After twice recrystallising from benzene 
containing a little light petroleum, it formed colourless, thick, pointed 
prisms, melting at 87 — 88°. It is very freely soluble in water, alcohol, 
and chloroform, easily in hot benzene, more sparingly in cold ; the 
benzene solution is precipitated by light petroleum. The alcoholic 
solution is blackened rapidly by ammoniacal, and slowly by neutral, 
silver nitrate, but is not desulphurised by boiling with alkaline solu- 
tion of lead. 

0*2402 gave 0-4655 BaSO*. S == 26*64. 

C 4 H 10 N 3 S requires S = 27*12 per cent. 

Tribensylthiourea, C 6 H 5 * CH 2 *N! C ( SH) dST (GHvCaHs^. — Prepared 
from benzylthiocarbimide and dibenzylamine, in alcoholic solution, 
and purified by recrystallisation from the same solvent ; the crystals 
are very brilliant, silvery prisms, melting between 114*5° and 115*5° 
It is insoluble in hot water, rather sparingly soluble in boiling alcohol, 
very sparingly in cold, moderately in warm ether, freely so in chloro- 
form and benzene; the latter solution is precipitated by light 
petroleum. With silver and lead salts, it behaves like the correspond- 
ing trimethyl derivative. 

Sulphur determination: 0*2892 gave 0*1671 BaSO*. S = 9*60. 

C 3 BH 2 JT 2 S requires S = 9*26 per cent. 

When heated under ordinary pressure, it boils, gradually turning 
yellow, and decomposing with evolution of hydrogen sulphide and 
benzyl mercaptan. 

ah*-Phmijlmetatolylthiocarlamide, CaHs'NH'CS'NH-CoHrCHs. — 
Two preparations were made, one from phenylthiocarbimide and meta- 
toluidine, the other from metatolylthiocarbimide and aniline ; in both 
cases the phenomena were alike. When mixed in alcoholic solution, 
no heat was evolved, nor was the odour of the thiocarbimide lost ; 
the solution was therefore evaporated on the water bath until prac- 
tically all the alcohol was expelled; the clear syrup thus obtained, 
slowly deposited tufts of crystals. After several recrystallisations 
from spirit, the substance formed hard, colourless, vitreous prisms, 
melting at 91 — 92°. 


* See note on the nomenclature of urea derivatives (p. 564). 
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Determination of sulphur (mToN’CS product), 

0*2028 gave 0*2025 BaSO*. S = 13*72. 

CnH 14 N 2 S requires S = 13*23 per cent. 

This compound is insoluble in water, almost indefinitely soluble in 
boiling alcohol, moderately in cold, easily so in ether, chloroform, 
carbon bisulphide, and benzene, very freely in acetone. It is mode- 
rately soluble in, and crystallises well from, hot light petroleum. 
The cold alcoholic solution is easily desulphurised by ammoniacal, or 
■even by neutral, silver nitrate, and by alkaline lead solution, on 
warming. 

ab- Orthoparaditolylthiocarbamide, CS(NH’CsH 4 *CH 3 ) 2 . — This com- 
pound was obtained by Girard (Ber., 1873, 6, 445) from orthotolyl- 
thiocarbimide and paratoluidine, but no description of its properties 
is recorded, save that it occurs in silky needles, and is decomposed 
into its constituents by hot hydrochloric acid. Prepared from the 
above materials, and purified by repeated recrystallisation from 
alcohol, I obtained it in hard, vitreous prisms, melting at 172 — 173°, 
apparently undecomposed. It is insoluble in water, rather sparingly 
soluble in hot alcohol, and not much less so in cold ; soluble in ether 
and chloroform, and easily in warm benzene. The solution is desul- 
phurised by silver nitrate, or by boiling with alkaline lead tartrate. 

sb-Phenylmetaxylylthiocarbamide, C 6 H 5 *]NH*GS-!NH-C 6 H 3 ( 0 H 3 ) 2 . — 
Prepared by gently warming phenylthiocarbimide with metaxylidine 
[NTH 2 : Me a = 1 : 2 : 3] in alcoholic solution; the product, a pinkish- 
white solid, after a couple of recrystallisations from spirit, separated 
in tufts of white needles, melting at 125*5—126°. The substance is 
almost insoluble in boiling water, moderately soluble in boiling 
alcohol or benzene, rather sparingly in cold, or in ether, freely in 
chloroform. It is readily desulphurised by silver or lead salts. 

0*2578 gave 0*2352 BaSO*. Or, S = 12*54. 

CifiH 16 N 2 S requires S = 12*51. 

n-P aratolyl-v~dibenzy Itkiourea,* CH 3 -C 6 H 4 ‘]Sr:C(SH)-N(CH 2 * 0 6 H 5 ) 2 . 
— On adding paratolylthiocarbimide to dibenzylamine, both in alco- 
holic solution, heat was evolved, and the mixture set to a white paste. 
By draining 1 and recrystallising the residue from much boiling alcohol, 
short, thick prisms and later, long, slender needles separated, both 
melting at the same temperature, namely, 145 — 146°. The compound 
is insoluble in water, sparingly soluble in alcohol or ether, easily in 
hot benzene (but with difficulty in cold), very freely so in chloroform. 
Ammoniacal silver nitrate blackens the solution only on warming ; if 
boiled with alkaline lead tartrate, the solution turns clear yellow, 
but is not desulphurised. 

* See note on nomenclature, post* 
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0*2388 gave 0 1670 BaS0 4 . S = 9*6. 

requires S = 9*26 per cent. 

The following compounds, amongst others, were re-examined. 

Secondary Butyltkiourea . — From the thiocarbimide and alcoholic 
ammonia. Beautiful tufts of pearly prisms (from alcohol), m. p. 
127*5—128*5°. Hofmann gives (Ber., 1873, 6, 513) 133°. Freely 
soluble in water, very freely in hot, and somewhat sparingly in cold, 
alcohol. Easily desulphurised by alkaline lead solution. 

IsoamyltMonrea . — From isoamylamine hydrochloride and potassium 
thiocyanate; after several recrystallisations from dilute spirit, it 
melted at 90 — 91° without undergoing decomposition (Hofmann, Her., 
1870, 3, 264, gives 93°). Almost insoluble in water, very freely 
soluble in alcohol ; desulphurised by silver or lead solutions. 

JParahydroocypJi eny ItMourea (from paraamidophenol hydrochloride 
and potassium thiocyanate, was found to melt at 220 — 221°. Kalck- 
hoff ( Ber 1883, 16, 375) gives 214°. 

&h-I)iparahydroxy i phenylthiocarbamide (from paramidophenol and 
carbon bisulphide), after four recrystallisations from alcohol, in which 
it is somewhat sparingly soluble, melted at 219 — 220°. Kalekhoff 
(loc. cit., 1830) found it very freely soluble in alcohol, and its 
m. p. 222°. 

Tfns. (or v) MethylphenyUhiowrea and &b-Benzyl , ph enylthiocarbamide 
were found to melt at the temperatures already recorded. 

Metatoh/Uhiourea and DimetatolyltMocarbamide . — Repeatedly recrys- 
tallised until the melting point was constant ; the values found were* 
109*5 — 110*5° and 109— 109*5° respectively. They differ slightly 
from those previously given (Trans., 1893, 63, 328), namely, 
110 — 111° and 111 — 111*5°, respectively. 

ab-Allylorthotolylthiocarb amide . — When describing this compound 
(Trans., 1889, 55, 622), I gave, through an oversight, the m. p. as 
75 — 76°. Later on, Prager (Ber., 1889, 22, 2998), publishing an 
account of the compound as new, recorded the m. p. as 98° ; on refer- 
ring to my original specimen, I found the latter to be correct ; the* 
substance melts at 98 — 99°. 

Urea Derivatives . 

Isobutylurea, (0H 3 )20H*CH 8 # HH*C0 , HH2. — Obtained by evapo- 
rating the mixed aqneous solutions of isohutylamine hydrochloride 
and potassium cyanate ; the product was extracted with hot acetone 
and recrystallised from the same solvent. It formed slender, vitreous 
needles* having a spermaceti-like lustre and feel, becoming, when 
dry, strongly electrical on friction, and melting at 140*5 — 141*5°. 
The yield was about 55 per cent, of the theoretical. 
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0*186 gave 38 c c. moist nitrogen at 13° and 767 mm. H = 24*36. 

CsHi^O requires N = 24 19 per cent 

The substance is very freely soluble in water, alcohol, and hot 
chloroform, moderately in boiling ether and benzene, sparingly in cold 
acetone, benzene, and chloroform. 

Secondary Butylurea , 02H 5 (CH 3 ) , 0II'2TH*00 , N’H2. — Prepared from 
secondary buiylamine hydrochloride and potassium isocyanate ; the 
product was extracted with alcohol, the latter evaporated, and the 
residue taken up with warm acetone, from which, on cooling, the 
urea was deposited in very brilliant, large, flattened prisms. It dis- 
solved freely in water, alcohol, and hot acetone, rather sparingly in 
cold, moderately in boiling, benzene, and melted at 169 — 170°. 

0*2 gave 41*4 c.c. moist nitrogen at 15° and 764*5 mm. H = 24*35. 

CsHjs^O requires 1ST = 24*19 per cent. 

ab-Diisobutylurea , CO[^H‘CH a 'OH(CH 3 )a] 2 . — This compound was 
obtained by desulphurising the corresponding thiocarbamide in hot 
alcoholic solution with silver nitrate. 

It is strange that this method of preparing disubstituted ureas* 
seems not to have been already proposed, for, so far as my experi- 
ments have gone, it exhibits marked advantages over the ordinary 
processes. It is expeditious, the theoretical amount of desulphurising 
material can be taken with certainty, and the whole quantity added 
at once. Also, it is offered in solution, and therefore in a most 
efficient form ; the yellow oxide of mercury which is sometimes used 
for the same purpose becomes superficially coated with sulphide, and 
its activity is thereby impaired. Moreover, in my experience, at 
least, the formation of sticky bye-products (often a source of trouble 
in the mercury process) is much lessened. In one or two cases 
there was some difficulty in completely removing the sulphur, but 
this was easily overcome by adding enough alcoholic potash to just 
neutralise the free nitric acid ; this occurred only with paraffinoid 
compounds, in dealing with benzenoid derivatives no difficulty of the 
kind was encountered. 

To a&-diisobutylthiocaa*bamide, dissolved in hot spirit, a little more 
than the theoretical amount of silver nitrate was added, the latter in 
concentrated aqueous solution, with which, immediately before use, 
its own volume of alcohol was mixed. Silver sulphide was at once 
precipitated, and after a few minutes warming, the solution was 
found to be free from sulphur. The silver sulphide was filtered off 
by aid of the pump, and on adding water to the clear filtrate, the urea 
separated in white needles, which, after recrystallisation from very 

* And probably trisnbstiluted also : see metliylphenylbenzylurea, post. 
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dilute spirit, melted at 135 — 136°. The compound is practically 
insoluble in cold water, very freely soluble in alcohol. 

0TS23 gave 25*5 c.c. moist nitrogen at 14° and 768 mm. If = 16*62. 

C 9 H 20 K 3 O requires IN = 16*32. 

dfo-Di-sewndary-butyhirea , C 0 [NE> CH ( CH 3 ) (yE 5 ] 2 . — Secondary 
butylurethane was prepared by dropping ethylic chlorocarbonate into 
secondary bntylamine, both substances in ethereal solution and cooled 
by a freezing mixture : 

Cl-COOEt + 2C 4 H 9 *NH 2 = aH^H-COOEt 4- O^HH^EOL 
The bntylamine hydrochloride was removed by filtration, the ether 
evaporated from the filtrate, and the residual urethane distilled under 
atmospheric pressure ; it is a colourless liquid, boiling at 193 — 195° 
(nncorr.). 

By heating under pressure in a sealed tube for three hours at 
210 — 240° with rather more than the calculated quantity of secondary 
buiylamine, it decomposed as follows : C 4 H 0 *]SrH-COOEt 4- C 4 H 9 \N’H ! i 
= COfNH-OiHoJa + EtOH. After washing with acidulated water, 
the crystalline product was twice recrystallised from dilute spirit, 
and thus obtained in brilliant, pearly, flattened needles, melting at 
137—138°. 

0*2275 gave 32 c.c. moist nitrogen at 16° and 757 mm. If = 16*33. 

CoHWNsO requires If = 16 32 per cent. 

When boiled with water, it melts, dissolving to a moderate extent, 
and crystallising out again almost completely, on cooling; it is 
soluble also in benzene and in light petroleum. 

&h-Methylp7ienylurea, C H 3 *If H* CO*lf Obtained by mixing 

phenylic isocyanate in ether, with methylamine in dilute alcohol. 
Erom hot alcohol, in which it is freely soluble (though sparingly so 
in the cold), it separates in broad, white, flattened prisms, moderately 
soluble in hob water, and hot benzene, and melting, without decompo- 
sition, between 150*5° and 151*5°. 

0*1998 gave 32*4 c.c. moist nitrogen at 90° and 767 mm. 1ST = 18*81. 

C a H r0 N*O requires If = 18*71 per cent. 

ab -Secondary-butylpTienylurea, — 0iH5*CH(CH 3 )*2fH*C0*3!fH*08H6. 
By beating phenylnrethane with excess of secondary bntylamine in a 
sealed tube for several hours, at about 230°, a brown oil was formed, 
from which the above compound slowly separated. Sticky bye- 
products occurred in considerable quantity, the removal of which 
entailed loss of nearly all the urea. The latter appears to be 
produced from secondary butylurethane and aniline, under like con- 
ditions, but the yield was even worse than by the converse method 
and the substance could not be obtained in a pure condition. 
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It was, however, easily prepared in quantity, by desulphurising 
a&-secondary-butylphenylthiocarbamide, in alcohol, with silver nitrate. 
The nrea separated from hot alcohol in large, brilliant prisms, which, 
when pnrified by further reerystallisation, melted at 155*5 — 156*5°, 
nndecomposed. It is insoluble in hot water, easily soluble in boiling 
alcohol, much less so in the cold. 

0*1986 gave 25*1 c.c. moist nitrogen at 19° and 771 mm. IT = 14*74. 
CnHwNsO requires IT = 14*62 per cent. 

tob-Pketiylmetatolylurea, CgH^NH’C O'lST H*C 6 H 4 *CH 3 . — Prepared 
from silver nitrate and the corresponding thiocarbamide ; by treat- 
ment with animal charcoal, and reerystallisation from boiling spirit, 
it was obtained in fine white needles, insoluble in water, easily 
solnble in hot alcohol, and melting at 173 — 174°. 

0*2019 gave 21*6 c.c. moist nitrogen at 17° and 766 mm. IT = 12*51. 
CtfHiiNsO requires IT = 12*42 per cent. 

ab’Phenylparaiolylnrea, C 6 H 5 *]SrH* C ONH- C 6 H 4 * CH 3 .-From phenylic 
isocyanate in ether, and paratoluidine dissolved in anhydrous 
alcohol. It is insoluble in hot water, somewhat sparingly soluble in 
hot alcohol, and crystallises from the latter solvent in long, slender, 
flexible, white, needles, melting at 212 — 213°. 

0*2057 gave 22 8 c.c. moist nitrogen at 22° and 767 mm. IT = 12*59. 

Theory, N = 12*42 per cent. 

ab- Orthoparaditol ylurea, CO (ITH-C 6 H 4 * CHa)* — The corresponding 
thiocarbamide was desulphurised with silver nitrate ; after several 
recrystallisations from spirit, the nrea formed very slender, flexible, 
white, needles, melting at 263—264° ; it is insoluble in water, and only 
sparingly solnble in hot alcohol. 

0*1998 gave 19 8 c.c. moist nitrogen at 18° and 775 mm. IT = 11*67* 
C 16 H«,N a O requires N = 11*69 per cent. 

ab- Ethylbenzyhirea, C 2 H 5 *NH-CO*ira:-CH 1J *C 6 H a . — Silver nitrate 
was added to alcoholic ethylbtnzylthiocarbamide ; the filtrate (from 
Ag 2 S) was mixed with water to incipient precipitation, and gave, on 
cooling, a copious crystallisation of pearly, flattened needles. By 
^crystallising from very dilute spirit, long, silky prisms" were 
obtained ; when dry they became highly electrical on friction, and 
melted between 104 and 105°. 

0*2 gave 27*6 c.c. of moist nitrogen at 17° and 754*5 mm. IT = 15*88. 
CioH 14 1T 3 0 requires IT = 15*76 per cent. 

&b-Benzy1 ortho* olylurea , C«H 5 *CHa-NH'CO*ITH*C 6 H 4 *CH 4 . — Ob- 
tained from silver nitrate and the corresponding thiocarbamide; 
the filtrate from Ag*S, on cooling, deposited the substance almos t 
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pure. After recrystallisation from spirit, it occurred in small, 
\itreous prisms, insoluble in cold water, moderately soluble in hot 
alcohol, and melting at 188 — IBS'S 0 . 

0*201 gave 20*2 c.c. of moist nitrogen at 19° and 773 mm. IT = 1 1*75. 

CigHifilTaO requires IT = 11*69 per cent. 

Rh-Bmaylmetatolylurea , OsHs'CHa'lTH'OO’lTH’CeH^OHa. — Prepared 
from benzylmetatolylthiocarbamide and silver nitrate ; the compound 
deposited from the filtrate was practically pure. By recrystallisation 
from alcohol (whereby its melting point was raised by half a degree), 
it was obtained in slender, flexible, silvery needles, melting between 
158*5° and 159°. 

0*1996 gave 20*4 c.c. moist nitrogen at 16° and 764*5° mm. N = 1 1*98. 

CisHiJSToO requires N = 11*69 per cent. 

The urea is insoluble in water, easily soluble in hot alcohol, 
moderately in cold, sparingly in cold ether or benzene; the last- 
mentioned solution is precipitated by adding light petroleum. 

R-Met7iyl-h-phenylbenzylurea , CH 3 -NH-CO*1T(C 6 H5)*CKo'C 6 H5. — In 
order to learn whether the silver process is applicable also to the 
preparation of trisubstituted ureas, the following experiment was 
made. 

tt-Methyl-i'-phenylbenzylthiourea (from methylic thiocyanate and 
benzylaniline) in boiling alcoholic solution was treated with silver 
nitrate; the filtered solution thrown into water, the resultant pre- 
cipitate drained off and recrystallised from a mixture of benzene 
with light petroleum ; the yield of pure substance, thus obtained, 
amounted to about 60 per cent, of the theoretical. 

0*201 gave 20*4 c.c. moist nitrogen at 18° and 762 mm. IT = 11*75. 

0iflHi 6 N 2 0 requires IT = 11*G9 per cent. 

The urea forms pearly white crystals, becoming somewhat 
electrical on friction with a spatula, and melting between 107*5° and 
108*5°. Ir is insoluble in water, very freely soluble in alcohol, ether, 
and chloroform; the benzene solution is precipitated by light 
petroleum. 

The following, amongst other compounds of the same class, were 
prepared and examined, with the results stated below. 

e&-DimethylurecL — Melted at the temperature given by JEVanchi- 
mont (Bee. Trav. CTiim ., 2, 129), namely, 180°’ It is freely soluble in 
water. 

Propylurea . — Crystallises from acetone in very thin, broad, ice-like 
plates ; m. p., 107*5 — 108*5°. Chancers figure (Bull. Boo. Chim. 7 1893, 
£8], 9, 102) is 107°. 

eib-Dipropylurea, from the corresponding thiocarbamide and silver 

VOL. lxyii. 2 Q 
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nitrate melted, after three recrystallisations from weak spirit, at 
106 — 107°. JELecht (Ber., 1890, 23, 285) found the m. p. 105°. 

Isoamylurea from isoamylamine hydrc chloride and potassium 
isocyanate, melted at 92 — 93*5°. Custer, who prepared it from 
isoamyl isocyanate and ammonia’ (Per., 1879, 12, 1333), found 89 — 91°. 

Diisoamylurea . — As obtained by Custer (Joe. cit.) from isoamyl 
issocyanate and isoamylamine, it formed whitish needles, melting at 
37 — 39°. I first prepared it by heating isoamylnrethane with isoamyl- 
amine, under pressure, at 230 — 240°, thereby obtaining pearly flattened 
prisms, half melting at about 48°, resolidifying one or two degrees 
higher, and remelting at 63 — 64°. The yield was very poor, about 
0 5 gram from 15 grams of materials. It was more satisfactorily 
obtained, however, from the corresponding thiocarbamide and silver 
nitrate, the product, as before, really melting at 48°, solidifying at 
51 s , and melting again at 65 — 66°. It is excessively soluble in all the 
solvents tried, with the exception of water; and whether the 
behaviour on heating is peculiar to the substance, or due to some 
impurity, is still uncertain. 

ab-J Ethylpheuylurea, from phenylic isocyanate and ethylamine ; the 
melting point found was 100° sharp. Wurtz gives ( Corrupt, rend., 32, 
417) for the prodnet from ethylic isocyanate and aniline, the melting 
point, 99°. 

a b-Allylphenylurea . — Prepared (1), from phenylic isocyanate and 
allylamine, and (2), from allylphenylthiocarbamide and silver nitrate. 
Both products, when pure, melted at the same temperature, namely, 
114*5 — 115 5°, and the former gave, on analysis, 15*91 per cent, of 
nitrogen, against 15*94 required by theory. The melting point given 
by Maly ( Zeit.j . Chem ., 1869, 263) is 96 — 97°. 

JN Tote on the Nomenclature of Oxy- and Thio-urea JDeriiatives. 

Some convention appears desirable, whereby the position, within 
the molecule, of the various substituting groups may be conveniently 
expressed in naming these compounds. Por derivatives of carbamide 
and thiocarbamide, the method adopted by Beilstein in his Hand - 
buck," is quite satisfactory; the points of attachment at the two 
nitrogen-atoms, e.g., thiocarbamide, being designated a and b respec- 
tively, thus — S:C<*<* ; these letters, prefixed to the names of the 

radicles there attached, serve to define the positions of the latter. 
But amongst kt labile ” or thiourea* derivatives, the nomenclature is 

* It is proposed by Emerson Reynolds (Trans, 1889, 59, 895), to distinguish 
between the true thioearbamides and the NHlO(8H)*NB^ forms, by calling the 
latter ihtoweag. 
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very confused, and I venture, therefore, by way of rendering it more 
precise, to suggest the following addition to the terminology. The 
NH and NH 2 attachments may be distinguished as n and >', 
respectively ; the compound, as proposed by Reynolds, being termed 
a thiourea ; whilst if the sulphur attachment is occupied by a radicle, 
the compound may be designated a pseudothiourea, the radicle so 
linked, being placed first in the name, next the ^ symbol, and finally 
the rest of the atomic complex. The following diagram illustrates 
the scheme. 




Thus, for example, the systematic names of EtNIC(SH)*NMe 2 , 
RHICfSMeJ'NHa, and E tNI C ( S Me ) -1STHE fc would be, respectively, 
«-ethyl- i/-di methyl thio area, methyl- -^-thiourea, and methyl- ^nv-di- 
ethylthiourea. This nomenclature is obviously capable of extension 
to other more complex derivatives, as, for instance, the thiohydan- 
toins. 


Chemical Department , 

Queen's College , Cork . 


LXIL — Derivatives of Succinyl and Phthalyl Dithio- 

carbimides. 

By Augustus E. Dixon, M.D., and R. E. Doran. 

Numerous 4 e mustard- oils ” are known of the general type R'NCS 
(where R' is a monad hydrocarbon residue), and a few of the form 
R"(NGS) 2} R" being a dyad residue of the same kind. Some three 
or four monacidyl thiocirbimides have also been obtained, notably 
0H s *00*NCS and 0«H 5 *C0*N0S,* but the existence of dithiocar- 
bimides of the acid class appears not to have been hitherto recorded. 

We have therefore commenced an investigation in the latter direc- 
tion, and beg now to lay before the Society an account of the principal 
results hitherto obtained. 

Succinyl dithiocarbimide. 

Succinyl chloride and well-dried lead thiocyanate, in the propor- 
tions required by the equation 

CJEU( CO-Cl) a + Pb(SON) a = PbCl* + 0*H 4 (0O-N0S) a , 

« 

* Obtained by Miquel (Ann. Chm . JPhys tf 1877, [5], 11, 295 ; 800), from lead 
thiocyanate and the corresponding acid chlorides. 
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were mixed with anhydrous benzene, and heated on the water bath, 
shaking constantly. Before the boiling point was reached, action 
commenced with evolution of heat, and the solution became reddish- 
brown ; the process was completed by adding a few more grams of 
lead thiocyanate, and heating for half an hour, using a reflux con- 
denser. A brownish residue, consisting principally of lead chloride, 
was filtered off by means of the pump, and the filtrate, which was 
of a clear reddish-brown, was found to be free from chlorine, and 
possessed little odour save that of benzene ; it gave, with alcohol and 
ammoniacal silver nitrate in the cold, a precipitate of silver sulphide, 
and was easily desulphurised by warming with alkaline lead tartrate, 
reactions indicating the presence of a thiocarbimide or one of its 
immediate derivatives. 

By carefully evaporating most of the benzene at a gentle heat, a 
blackish oil was obtained, of pungent, tear-exciting odour, resembling 
that of acetylthiocarbimide, but it did not seem pure enough for 
analysis. like the latter compound, it soon decomposes — even in the 
benzene solution — becoming dark coloured, and depositing a deep 
brown, pasty solid in small quantity. 

An attempt was made to purify the substance by distillation in a 
wacuum, but it darkened considerably, and on raising the temperature 
slightly after the benzene had all come over, the mixture suddenly 
turned black, effervesced violently, and a sharp detonation occurred, 
shattering the distillation-fiask. A strong odour of mushrooms was 
noticed. 

Isolation hv distilling in a steam current was out of the question, 
as the thiocarbimide proved to be decomposable by water ; and after 
some further endeavours to precipitate it by means of light petro- 
leum, which led to no definite result, an investigation of its deriva- 
tives was proceeded with. 

In the experiments described below, the following method was 
generally adopted. A preliminary trial having shown that the yield 
amounted to over 90 per cent, of the theoretical, the product was 
further diluted with anhydrous benzene, so that every 5 c.c. should 
contain about 1 gram of s uccinyldithiocarbimide, and the freshly 
prepared solution was employed. 

fSuccinylditliiocarbimide and Aniline . Suctinyl-sfo-dipkmyldiiMourea 

Nine grams (1 mol.) of the dithiocarbimide, in benzene, were care- 
fully added to a cooled benzene solution containing 8*3 grams (2 mol.) 
of pure aniline. Interaction rapidly occurred, with evolution of heat, 
and in a very short time the contents of the vessel set to a paste. On 
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draining off the entangled benzene by means of tlie filter pump, and 
■washing the residue with fresh benzene, a finely-divided, brownish, 
amorphous solid was obtained, amounting, when dry, to 15*5 grams, 
or about 90 per cent, of the weight of the materials employed. 

The powder was digested with a little hot acetone, which removed 
most of the colouring matter, and the residue dissolved in (much) 
boiling acetone ; on cooling, beautif nl, silky needles were deposited, 
almost colourless, and melting at 207 — 208°. By adding water to 
the mother liquor, and recry stallising the precipitate from boiling 
glacial acetic acid, the compound was obtained in felted masses 
of pure, white, hair-like needles, melting, with effervescence, to a 
reddish-brown liquid, at 210 — 210*5° (corr.). A complete analysis 
was made, with the following results. 

0-2993 gave 0*6086 C0 2 and 0*1331 H,0. 0 = 55*45 and H = 4 93. 
0*1988 „ 24*8 c.c. moist nitrogen at 17° and 768 mm. N = 14*63. 

0*2869 „ 0*3446 BaSO*. S = 16*5. 

These figures aie in accordance with the formula 
C 2 H4(CO*]SrH*CS*]NH-C 6 H 5 ) 2 . 

Tkeoiy. 

C 18 H 18 NtS 2 0 2 . Experiment. 


C 55*90 55*45 

H 4*67 4*95 

S’ 14*54 14*63 

S 16*59 16*51 

0 8*30 (Bydiff.) 8*46 


Succinyldiphenyldiihiourea is very sparingly soluble in boiling 
alcohol, ether, or benzene, with difficulty in chloroform and ethylic 
acetate, more easily in boiling acetone or glacial acetic acid. It is 
insoluble in water and in boiling, concentrated hydrochloric acid, bnt 
dissolves freely in sulphuric acid or dilute caustic potash; the former 
solution is precipitated on adding water. If the latter bo mixed with 
a few drops of lead solution, and heat applied, the tube becomes 
plated with a very brilliant galena speculum ; the sulphur, also, is 
instantly withdrawn on adding silver nitrate to the warm alcoholic 
solution. Ferric chloride produces no colour change. 

Action of Caustic Alkali . — A quantity of the pure dithiourea substance 
was dissolved, with gentle warming, in pure, dilute, caustic soda ; on 
cooling, white prisms separated, whicb, after thorough washing with 
cold water, melted at 152—158° (uncorr.). Hydrochloric acid, when 
added, in very slight excess, to the clear filtrate from the crystals, 
threw down a copious precipitate of fine needles ; these, when recrystal- 
lised from boiling water, occurred in well formed, pure white prisms, 
melting at nearly the same temperature as the former crop, namely, 
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154° (corr.). Both products were easily soluble in hot water, very 
sparingly in cold, freely in alcohol ; the cold solution was blackened 
at once by ammoniacal silver nitrate, and yielded a fine mirror when 
heated with alkaline lead tartrate. These reactions, together with 
the appearance, intensely bitter taste, and melting point of the sub- 
stance, characterise it as phenylthiourea (m. p. 154°). 

When exactly neutralised, the hydrochloric acid filtrate gave, with 
ferric chloride, a reddish-brown precipitate, and with barium chloride, 
ammonia, and alcohol, a white, thereby showing the presence of a 
snccinate. Caustic alkali therefore decomposes the phenylic deriva- 
tive as follows. 

C 2 H 4 (CO'KH-C S*NHPh) 2 + 2KOH = C 2 H 4 (COOK) 2 4- 2CSN 2 II 3 Pb. 

Action of Alcoholic Ammonia . — Under the influence of this reagent, 
at a moderate temperature, a symmetrical disubstitnted thiourea is 
converted, with loss of one of its radicles as amine, into a monosub- 
stitution compound. Thus, from thiocarbanilide, Gebhardt obtained 
( Ber 1884, 17, 3045) phenylthiourea and aniline; and from the 
dinaphthyl compound, similarly, napbthylthionrea and naphthyl- 
amine. Snccinyldiphenyldithionrea, however, containing two different 
groups attached to the thiocarbonyl nuclei, might decompose in 
either (or possibly both) of the following ways. 

(1.) C 2 H 4 (COdra-CS*THPh) 2 + 2]STH s = 

C 2 H 4 (CONH-CS-NH 2 ) 2 + 2PhNHi 

(2.) C 2 H 4 (CO-NH-CS-NHPh) 2 + 2NTH 3 = 

C 2 H 4 (CO-NH 2 ) 2 + 2CSJN a H 3 Ph. 

that is, into succinyldithiourea and aniline, or into succinamide and 
phenylthiourea. An experiment was made as follows. 

Another portion of the pure succinyldiphenyl compound was mixed 
with excess of alcoholic ammonia, and the turbid liquid heated for 
an hour at 120 — 130° ; there was no pressure on opening the tube, 
and the contents had become almost perfectly clear. After standing 
for a short time, needles were deposited ; these melted at 153°, and, 
after recrystallisation, at 154° (corr.), consisted, as shown by their 
properties, of phenylthiourea. A faint trace of thiocyanate was 
also found, due to partial attack of the phenylthiourea by the 
ammonia (Clans, Ber., 1876, 9, 694), and a barely detectable trace of 
aniline was present, due only to the decomposition in question, 
CSINaHaPh + NHs =: ISTU^SCISr -j- NH 2 Ph. The action therefore 
appears to run according to equation (2) above, bat the succi nami de, 
unfortunately, was not isolated. 



AND PHTHALYL DITHIOOARBIMIDES. 569 

Siictonyl-ah-diorthotolyldithiourea , , CaH^CO'NH'CS’NH'CflHi’CH^. 

This compound was prepared in like manner to the preceding : 

9 grams of succinyldithiocarbimide and 9*6 grains of orthotolnidine 
yielded 18 grams of dry product, or over 96 per cent, of the theo- 
retical. The brownish, amorphous solid was dissolved in the least 
possible quantity (about a litre) of boiling glacial acetic acid, from 
which, on cooling, it separated in beautif ul, sea-green prisms. By 
another recrystallisation from the same solvent, it was obtained in 
colourless, glassy needles, which melted, with copious effervescence, 
at the same temperature as the sea-green product, namely, 217 — 218° 
(corr.). 

The formula was checked by a sulphur determination. 

0-2074 gave 0*2290 BaSO*. S = 15-18. 

CsoH^SijOs requires S = 15*47 per cent. 

Silver sulphide is precipitated at once on adding silver nitrate to 
the waim alcoholic solution, and a brilliant mirror is formed by treat- 
ment with alkaline solation of lead. In its solubility relations, it 
closely resembles the corresponding phenyl derivative. 

Succuiyl-sib’di^naphtJiylMihiourea, CiH 4 (CO*NH*CS , lTH-C 1 oH7)a. 

The constituents in benzene solution at once united, with evolution 
of heat, forming a cream-coloured solid, which darkened superficially 
on exposure to air. It is practically insoluble in water, alcohol, 
chloroform, acetone, ethylic acetate, acetic acid, carbon bisulphide, 
benzene, toluene, cumene, and light petroleum ; soluble in concen- 
trated sulphuric acid; the last solution, when diluted with water, 
gave a jelly-like precipitate, which could not be filtered. The sub- 
stance dissolved also in hot nitrobenzene, but did not separate on 
cooling. It was shaken up repeatedly with alcohol, filtered with the 
aid of the pump, well washed with more alcohol, and dried ; as thus 
obtained, it was a pure white, fine powder, not affected by exposure 
to air, and melting to a black liquid at 224 — 225° (corr.). A determi- 
nation of sulphur was made. 

0*2 gave 0*1914 BaSO* S == 13*15. 

C26H22N4S2O2 requires S = 13*18 per cent. 

Ferric chloride gives no coloration. When mixed with alcohol and 
treated with ammoniacal silver nitrate, little change occurs, probably 
on account of the insolubility of the compound, but, on heating, the 
mixture blackens at once. It is also easily desulphurised by warming 
with alkaline solation of lead. 
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Symmetrical Sttccinvl - ab -dimeth yldiphenyldithiourea , 

C 3 H 4 [CO-K*C(SH)^(CH 3 )C 6 HJ>. 

TMs substance "was obtained from the ditbioearbimide and meth) I- 
aniline as a yellowish solid, which, after washing with benzene, 
became white. From its solution in boiling spirit, it was deposited 
in hard, colourless, seemingly rhombic, prisms melting at a much 
lower temperature than the isomeric tolyl derivative, namely, 
138—139° (corr.). 

0*20 gave 0-2283 BaS0 4 . S = 15 48. 

requires S = 15*47 per cent. 

It is insoluble in water, ether, and carbon bisulphide, sparingly and 
slowly soluble in alcohol, chloroform, acetone, and benzene. Like the 
other compounds mentioned above, it dissolves in sulphuric acid (the 
solution is precipitated by the addition of water), and in cold, 
dilute alkali. The latter solution is precipitated by hydrochloric 
acid, and is desulphurised only to a very trifling extent by even 
prolonged boiling with alkaline lead tartrate. Warm nitric acid 
vigorously attacks the substance, yielding a greenish liquid, which, 
when mixed with excess of alkali, becomes turbid and intense crimson 
in colour. 

Sym metrical Succinyl-sh- dijphenyldibenzyldi thiourea, 

Obtained, with evolution of heat, from succinyldithiocarbimide and 
benzylaniline ; when recrystallised from boiling alcohol, it formed 
rosettes of slender, white needles, melting, without effervescence, at 
137 — 138° (corr.), to an orange liquid. 

It is insoluble in water, spaiingly soluble in ether and carbon 
bisulphide, moderately in boiling alcohol or benzene, much less so in 
the cold, freely in acetone, chloroform, and sulphuric acid. 

0*214 gave 0*1831 BaSO*. S =£ 11*76. 

CsaHjoNTiSsOa requires S = 11*32 per cent. 

This compound, like other tertiary thioureas (see Trans., 1893, 
63, 318), is not desnlphurised hy boiling for a short time with 
alkaline lead tartrate. 

Action of Caustic Alkali . — The substance dissolved readily in 
warm, dilute, caustic potash, but the solution soon began to become 
turbid, and a copious, finely divided precipitate then rapidly formed, 
the contents of the vessel setting so that it could he inverted without 
loss. The product was drained by means of the vacuum pump, and 
recrystallised from very dilute spirit, w T hereby it was obtained in 
brilliant, vitreous prisms, melting at 136 — 137°. 
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The recrystallised material is ins ol able in water, practically in- 
soluble in warm dilute potash, but easily soluble in hot alcohol. It 
is desulphurised at once by cold ammoniacal silver nitrate, or gradu- 
ally by boiling with alkaline solution of lead. In respect of all the 
characters mentioned, it agrees with oa-phenylbenzylthiourea, melting 
at 136*5° (Werner, Proc., 1892, 96) ; its identity with this was 
further established by a sulphur determination. 

0*20 gave 0*1929 BaSO*. S = 13*26. 

CSN 2 H 2 (C6H 5 ) (C 7 H 7 ) requires S = 13*23 per cent. 

SticcinyLah-dijphejiyldisemitMocarbazide, 

C 2 H 4 (CO-NH-OS-NH-NH-C 6 H 5 ) 2 . 

Theoretical proportions of dithiocarbimide and phenylhydrazine 
were mixed in benzene solution; the heavy oil, which at once 
separated, became almost solid after standing for several days. By 
warming with a little alcohol, most of the adherent red oil was 
extracted, the yellow, solid residue was then dissolved in boiling 
glacial acetic acid, and, to the clear hot solution, water was added to 
incipient precipitation. On cooling, the substance was deposited in 
cream-coloured crystals, which sintered at 210°, and melted, somewhat 
indistinctly, at about 220° (corr.). 

0*2001 gave 0*2221 BaS0 4 . S = 15*28. 

QsHgoNeSA requires S = 15*39 per cent. 

This compound is insoluble in water, sparingly soluble in boiling 
alcohol, moderately easily in warm, dilute, caustic potash. The 
latter solution* is not affected by continued boiling with alkaline lead 
tartrate, neither is the hotalcoholic solution desulphurised by ammo- 
niacal silver nitrate. 

Diethylic Siiccinyl-di~p-thiocarbamate , CaH^CO'NH-CS’OCsHsJs. 

Four grams of the dithiocarbimide, in benzene solution, were 
mixed with excess of anhydrous ethylic alcohol. ISTo perceptible rise 
of temperature occurred, but, after about 12 hours’ standing, the deep 
red colour of the mixture began to change to greenish-brown, and 
granular masses of crystals, having a beautiful, delicate sea-green 
colour, were slowly deposited, the separation being complete after 
three days. By recrystallisation from boiling alcohol, the compound 
was obtained in tufts of thick, white prisms, melting at 166 — 167° 
(corr.), with effervescence and separation of a white, crystalline snb- 
stance. 

* Hydrochloric acid gave a precipitate with the potash solution, but this, on 
analysis, proved to be unchanged semithiocarbazide. 
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A sulphur determination gave figures agreeing with the formula 
of the di-#-thiourethane. 

0-2007 gave 0*317 BaS0 4 . S = 31-71. 

OioHig^aSaO* requires S = 21*94 per cent. 

C 3 H 4 (CO-XOS) 2 + 2C 2 H 5 -OH = 0 2 H 4 (00-]SrH-CS-00 2 H 5 ) 2 , 

Succinjldithiodiurethane is insoluble in water or carbon bisul- 
phide, and nearly so in ether. It dissolves sparingly in chloroform 
and benzene, moderately in boiling alcohol, much less so in cold. 
The solution in weak spirit gives no coloration with ferric chloride ; 
with ammoniacal silver nitrate, a white precipitate falls, which 
blackens on heating ; the sulphur is also removed by boiling with 
alkaline lead tartrate. When heated alone, the substance decom- 
poses with effervescence and evolution of hydrogen sulphide and 
ethyl mercaptan. 

Between alcohol and succinyldithiocarbimide the interaction goes 
very smoothly ; the mixture, as already mentioned, does not become 
sensibly warm, neither are sticky bye-products formed; the sub- 
stance deposited, save for a faint greenish coloration, is pure, and 
the yield is fair. With acetyl thiocarbimide and alcohol, on the 
other hand, as previously recorded by one of ns (Trans., 1892, 61, 
529), the action is almost explosively violent and the decomposition 
profound ; instead of acetylthiourethane, the products were ethylic 
acetate, thiocyanie acid, pseudosulphocyanogen, and free (fused) 
sulphur. 


Action of Water on SuccimjlditJiiocarbimide. 

Two grams of the thiocarbimide in benzene were added to excess 
of cold water, the mixture frequently shaken, and the benzene 
allowed to evaporate gradually at the ordinary temperature. A 
small quantity of brownish, amorphous powder was removed by 
hltration, and the clear filtrate examined ; it was strongly acid to 
test-paper, and gave, with ferric chloride, an intense thiocyanie 
reaction ; when just neutralised, it gave, with the same reagent, a 
dull brownish-red, amorphous precipitate, and, with barium chloride, 
ammonia, and alcohol, a white precipitate. The main decomposition 
may accordingly be represented as follows. 

C^CO^CS), + 2H s O = C 2 H 4 (COOH) a + 2HSCN; 

it does not, however, occur quantitatively, for not only is the brown, 
amorphous powder formed (the quantity of this was too small for 
investigation), but, in addition, the aqueous solution contains a sub- 
stance — the amount of which diminishes gradually on keeping 

which is desulphurised by boiling with alkaline lead tartrate. - 
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Action of Alcoholic Ammonia on Succiny Idithiocarbimide. 

To the cooled thiocarbimide, a considerable excess of alcoholic 
ammonia was added; the mixture became warm, and an olive - 
coloured solid was deposited, accompanied by a clear, brownish oil. 
By recrystallisation, first from alcohol and next from alcohol and 
animal charcoal, the former was obtained in white needles, free from 
sulphur, soluble in hot, but only sparingly in cold, water, insoluble in 
absolute alcohol, melting at 241 — 242°, and consisting of succinamide 
(m. p. of succinamide, 242 — 243°). Analysis showed the substance 
to contain 24’38 per cent, of nitrogen; CaH^CO-NEtOa contains 
24-25. 

Owing to an accident, the oily product was lost; the reaction, 
however, probably runs in two stages as follows. 

(1.) C 2 H 4 (CO-NCS) a + 2NH 3 = 0 2 H 4 (C 0 -CS]Sr 2 H 3 ) 2 . 

(2.) 0 2 H4(00-0SN 2 H 3 ) 2 + 2hTH 3 = CaH^CO-lSrHa), + CSN 2 H 4 , 

that is, succinyldi thiourea is first formed, and decomposes then with 
the excess of ammonia, as in the case of the phenylated analogne. 


Further experiments were now made with the view of obtaining a 
benzenoid analogue of succinyldithiocarbimide. A mixture of phthalyl 
chloride with dry lead thiocyanate in molecular proportions was 
gently warmed in presence of benzene ; it soon began to turn reddish, 
and a vigorous action commenced, the solution boiling briskly of 
itself for some time ; the process goes rapidly in this case, for, after 
further heating for a couple of minutes to the boiling point, the 
liquid was free from chlorine. A yellow, solid residue, consisting 
mainly of lead chloride, was removed by means of the filter-pump, 
and washed well with benzene; the filtrate, rich scarlet in colour, 
was further diluted, as in the case of the succinyl compound. 

At the ordinary temperature, the benzene solution soon changed, 
even in a vacuum, and a little deep red, sticky semi-solid was depo- 
sited ; on evaporating the benzene, dark reddish crystals separated, 
which, after washing with benzene, melted at 112 — 113° to a pasty, 
br6mine-coloured liquid, but could not be obtained fit for analysis ; 
they were probably the impnre thiocarbimide, produced thus— 

C fi H 4 (CO-Cl) 8 + Pb(SOK) a = CeHaCCO-NOS)* + PbOl*. 

The benzene solution, when mixed with spirit, is easily desulphurised 
by silver and lead salts. 

Action of Water . — The experiment was carried out as in the case of 
the succinyl analogue, the phenomena being similar to those already 
described. The solution became strongly acid, and thiocyanic acid was 
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found to be present, together with phthalic acid (m. p. observed, 203 
corr.) ; in addition, a brownish semi-solid was formed, insoluble in 
water, and the aqueous solution contained a trifling quantity of a 
substance desulphnrisable by boiling with alkaline lead tartrate. 

Action of Bases . — Numerous experiments were made, using various 
bases, but with unsatisfactory results, the products usually separating 
as viscid pastes, hardening partially on keeping. By pouring off the 
benzene, digesting the residues with cold alcohol, and recrystallising, 
some of tlie compounds were obtained approximately pure, but always 
in veiy limited quantity. 

Thus, from aniline, a substance was obtained which separated from 
hot acetic acid in fine needles, moderately soluble in hot alcohol, 
desulphurised by silver, but not by lead salts, softening at 208°, and 
melting at 210 — 211° (corr.). The orthotoluidine product, after being- 
well washed with spirit, formed a cream white powder, sintering at 
1 75°, and melting at 177 — 178° (corr.). It dissolved, like the succinyl 
analogues, in warm, dilute potash, and, on the addition of hydrochloric 
acid to the solution, it gave white needles melting at 1G0 — 161° (m. p. of 
orthotolylthionrea, 160 — 161°; Trans., 1892, 61, 525). Benzylamine 
gave rosettes of white needles, sparingly soluble in alcohol, softening 
at 1G1°, and melting at 163°. The naphthylamine and benzylandint * 
compounds were not obtained even approximately pure. With 
secondary bntylamine , a clear, reddish oil was produced, insoluble in 
water, sparingly soluble in benzene, miscible with alcohol, and de- 
sulphurised by silver or lead solutions. 

Sulphur found = 15-82; Cal. for C 6 H 4 (CO*NH*CS-NHBu) 8 , S = 
16 25 per cent. 

MetJiylamline yielded a substance crystallising from alcohol in 
vitreous prisms, and melting at 188 — 189° (corr.). It is not 
desulphurised by alkaline lead solution, bnt gives up its sulphur 
to ammoniac&l silver nitrate, on warming. It is vigorously attacked 
by hot, fuming nitric acid, with production of a substance crystal- 
lising in pale yellow needles, melting at 127°, and possessing all tlie 
properties of trinitrophenylmethylnitramide, C*H s (N0j) 3 -NMe(N0 2 )- 

These compounds are still under investigation. 

In the absence of any means of deciding, on the data so far- 
obtained, whether the formulae of ( e.g .) the thiocarhimides should be 

■written ^"<^0— >0 or R "<00-Ncl the lattor 11118 
provisionally adopted. With respect, moreover, to some of the 
thiourea derivatives, there is the same uncertainty regarding the 
structure of the “ tbiocarbamidic fraction of the molecule, which 
still attaches to compounds produced from mustard oil and secondary* 
amine. Thus, for example, assuming the symmetrical constitution 
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tor sncciny 1 dithiocarbi m i d e, the product of its union with benzyl- 
aniline may be represented either as (1) CaH^CO'NH'CSdNThBzJa, 
or (2) C 2 H 4 [CO'N:C(SH)-NPhBz] 2 . Prom experiments made by 
Billeter and Sfcrohl (Per., 1888, 21, 106), it seems probable that the 
normal* trisnbstitnfed thioureas are of the form XNlC(SH)dYYZ ; a 
similar formula (2) has accordingly been used to represent the cor- 
responding dithionreas. 

Judging from the results described in this communication, and 
from other similar experiments (Miquel, loc. cit.), it appears that 
the interaction between lead thiocyanate and an acid chloride is as 
definite and generic as that between the alkylogens and potassium 
thiocyanate. 

But whilst, in the latter case, an alkylic thiocyanate alone is 
produced, in the former, on the other hand, the product is a thio- 
carbimide, practically free from thiocyanate, saving what little may 
be formed owing to the presence of traces of moisture. Whether 
the lead salt itself functions as a thiocarbimide, or whether the acid 
radicle is specially concerned in the rearrangement of the SCN-group, 
is still under investigation. 

It is curious that the earliest discovered acid thiocarbimide, 
CHs-CO-NCS (Miquel, loc. cit .), notwithstanding its activity, and the 
fact that, when treated with amines, it afforded well-marked thio- 
carbamide derivatives, was expressly regarded as a thiocyanate. 
Possibly its ready decomposition in contact with water is account- 
able for this— CHj-CO-NCS + H a O = CHVCOOH + HSCX. 

But the production of thiocyanic acid, does not necessarily involve 
the view that the parent compound is a thiocyanate ; the formation 
of this acid is easily explained by supposing that hydrogen thio- 
carbimide, BOTCS, is first liberated, and thereupon undergoes 
isomeric rearrangement into the more stable form. It seems also 
quite possible that the substance produced by the interaction of these 
ihiocarbimides with water, which at first strongly desulphurises 
alkaline lead solution, hut gradually, on keeping, almost entirely 
loses this power, may he H-NOS, slowly reverting, in dilute solution, 

toH-SCJSr. 

Chemical Department , 

Queen’s College , Cork. 

* As distinguished from “ pseudo”-thioureas, in which the sulphur is directly 
•engaged 'with an alkyl group. 



LXI1L — Affinity of Weak Bases. 

By James Walkeb, D Sc , and Emiia Aston, B.Sc. 

The subject of tbe comparative strengths of weak organic bases has 
been several times under investigation during the past five or &ix 
years. The results obtained, ho* ever, are by no means so harmonious 
as could be desired, so that it appeared to ns of interest to apply a 
new experimental method to the problem, in the hope of arriving at 
results in conformity with those obtained by one or other of the 
previous observers. As a basis of the method, *e adopted the 
principle, first applied by one of ns (Walker, Ze it. physikal. Ohem , 
1889, 4, 819) and since used by other investigators, of balancing the 
base against a constant quantity of water; in other words, of measuring 
the extent to which equivalent solutions of the hydrochlorides of tbe 
bases are resolved into free acid and free base by tbe action of the 
water in which they are dissolved. The weaker the base the greater 
is the amount of hydrolysis, and this amount may he measured by 
estimating the quantity of free acid in the solution, either by means 
of some physical property or by the acceleration of some chemical 
action. As an example of the first method we have the electrical con- 
ductity (Walker, Zeit. physikal . Chem., 1889, 4, 883 ; Bredig, ibid,, 
1894, 13, 817), and of the second, the catalysis of methjlic acetate 
(Walker, be. nit., 321) . Lellmann and his pupils employed an 
equilibrium method for determining the strength of bases, but as they 
used a colorimetric procoss with a hydrolysable salt as indicator, the 
equilibrium was in tlioir case often very complicated and led to 
results not easy of interpretation (Lellmann and Gross, Annalen, 
260, 262, and 263, 286 ; Lellmann and Goriz, Annalen , 274, 121). 

The method we describe in this paper is an acceleration method, 
the magnitude measured being the rate of inversion of cane sugar 
by comparable solutions. This rate is roughly proportional to the 
amount of free hydrochloric acid in the solution, so that by determin- 
ing it we at once get a measure of tbe approximate amount of 
hydrolysis of the dissolved salt. The influence of dilution, temperature, 
the presence of foreign compounds, &c., on the rate of inversion has 
been thoroughly investigated by Ostwald (/. pr . Chem , [2], 29, 385 ; 
31, 307), Spohr (J.pr. Chem., [2], 32, 81; 33, 265; Zeit. physikal. 
Chem , 2, 194), and Arrhenius (Zeit. physikal . Chem., 4, 226). The 
results obtained by them are sufficient to indicate that while it would 
be a matter of considerable difficulty to estimate by this means the 
exact extent of hydroljis in a solution of aniline hydrochloride, for 
example* still it would be a comparatively simple matter to determine 
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whether the aniline salt were hydrolysed more or less than the 
corresponding salt of an analogous base in equivalent solution. 

After several preliminary trials, we fixed upon 60° C. as the 
temperature of experiment, for at that temperature the inversion by 
salts of the weakest bases proceeds sufficiently slowly, and by salts 
of the stronger bases sufficiently rapidly to allow of convenient 
manipulation within the course of an ordinary day’s work. The 
bath used for heating the solutions was a cylindrical metal vessel 
filled with water and provided with a stirring apparatus and thermo- 
regulator such as are employed in the Ostwald-Arrhenius conduc- 
tivity apparatus. In this case, however, the bulb of the thermo- 
regulator was vertical and above the stirrer, and not horizontal and 
below it as usual. A tightly fitting lid closed the bath, short tubes 
being fitted in it to allow of the insertion of the regulator, the 
thermometer, and the test-tubes containing the solutions. A small 
central hole gave passage to the shaft of the stirrer. The ther- 
mometer employed was divided into fifths of a degree, and the 
temperature as a rule did not vary more than a tenth of a degree from 
the mean temperature of experiment. 

The test-tubes to contain the solutions were heated for several 
hours with strong hydrochloric acid, and afterwards treated with 
steam in order to minimise the action of the aqueous solutions on 
the glass (compare Ostwald’s Manual of Physico-chemical Measure- 
ments , 249). The sugar solution used in the experiments was made 
by dissolving 200 grams of pure, crystallised cane sugar in 1 litre of 
water, filtering the solution, and then boiling it for three-quarters of 
an hour with a reflux condenser. After it had cooled, 2 c.c. of pure 
chloroform were added, and the flask fitted with a sterilised stopper 
and siphon. The solution prepared in this way kept perfectly clear 
for over three weeks. 

The bases were purified before use either by distillation or by 
crystallisation. A quantity was accurately weighed off, and to it was 
added a volume of hydrochloric acid oi known strength scarcely 
sufficient for its complete neutralisation. A slight excess of base is 
rendered necessary by the fact that the effect of any excess of acid is 
proportional to that excess and large in comparison with the total 
effect, while the effect of an excess of base is comparatively very 
small. Experiments at various dilutions were made, and finally the 
dilution 1/30-normal was selected as the most convenient. The 
solutions of the hydrochlorides were, therefore, made 1/15-normal, as 
each was afterwards mixed with its own volume of sugar-solution. 
The mixture was made in the test-tuhe placed in position in the 
thermostat, both solutions being previously heated to 60°. 

All readings with the polarimeter were made at 20°, that; tempera- 
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fare being kept constant by a stream of water from a large reservoir 
flowing through a glass jacket which enclosed the observing tube. 

The time at which the mixture of the solutions took place was 
noted, and at appropriate intervals 10 c.c. of the solution were 
removed and added to 2*5 c.c. of a triple-normal solution of sodium 
acetate. The object of the sodium acetate (Trevor, Zeit. physikcd. 
GJiern., 1892, 10, 32) was to stop the inverting action of the free 
hydrochloric acid, its place being largely taken by acetic acid which 
inverts sugar solution very slowly. The rotation of the resulting 
solution was then observed. The initial reading was obtained by 
diluting the sugar solution with its own volume of water, instead of 
with a corresponding volume of the hydrochloride. For the final 
reading, the sugar solution was mixed with an equal volume of 
hydrochloric acid solution, and heated at 100° to accelerate the 
inversion. The solutions remained in the thermostat for periods 
varying from one hour with the weakest bases to hours with the 
strongest. A tendency of the solution to become brown was 
observed in the case of most of the aromatic bases, but this discolora- 
tion did not as a rule proceed so far as to interfere serionsly with the 
polarimetric readings. 

The formula according to which the inversion proceeds is 

log (ao - A) — log (n» — A) _ ^ 

" * u * 

A is the final reading, a 0 the initial reading, and a n the reading at 
the time t» reckoned in minutes from the moment of mixing. C is 
the velocity constant, which is ronghly proportional to the quantity 
of hydrochloric acid in the solution. 

The following numbers were obtained for 1/30-normal hydrochloric 
acid without the addition of a base. 


Hydrochloric Acid. 

X. 


i . 

a. 

a — A 

C. 

0 

10*62 

14*02 

— 

32*2 

2*62 

6*02 

0*0114 

42-7 

1*27 

4*67 

0*0112 

52*2 

0*20 

3*60 

0*0113 


A = -3*40 


Mean 0*0113 
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II. 


t. 

a. 

a — A 

C. 

0 

10-62 

14-02 

— 

31-9 

2-73 

613 

00113 

42-3 

1-25 

4-65 

0-0113 

52-0 

0-17 

3-57 

0-0114 


A = -3-40 


Mean 0-0113 


When an equivalent of pyridine was added to the hydrochloric 
acid, the constant was diminished as follows. 


Pyridine Hydrochloride. 


t. 

a. 

a — A. 

C. 

0 

10-63 

13-95 

— 

138 

9-68 

13-00 

0-000223 

238 

9-05 

12-37 

0-000219 

332 

8-47 

11-79 

0-000220 


A = -33-2 


Mean 0*000221 


Here the value of the constant C is almost exactly one-fiftieth of the 
value for hydrochloric acid alone, that is, if we assume strict pro- 
portionality between the constant and the amount of acid affecting 
the inversion, 2 per cent, of the pyridine hydrochloride is decomposed 
by the water into pyridine and free hydrochloric acid, the remaining 
98 per cent, being unaffected. This proportionality, however, is dis- 
turbed by various circumstances. Firstly, even in solutions of hydro- 
chloric acid alone of different concentrations, the proportionality is 
not exact, varying somewhat not only with the degree of electrolytic 
dissociation but also independently of this. Again, the presence of 
a neutral salt of the acid has considerable influence on the rate of in- 
version of the sugar. This source of uncertainty of course assumes 
large proportions in the case of strong bases like pyridine, where the 
concentration of the undecomposed salt is about fifty times that of 
the free acid. An idea of the magnitude of this influence may be 
obtained from the following table taken from Arrhenius (Ztit.physihaL 
Chem., 1889, 4, 239). 

O'. 

O'QUi HBr — 81*9 

„ f 0*025-7* KBr 82 2 

„ + OT -n KBr 83*9 

„ -h 0‘4 -m KBr 38*5 

Here we have the inversion constant of centinormal hydrobromie 
acid increased 20 per cent, when the acid acts in presence of potas- 
vol. lxvii. 2 R 
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sinm bromide 40 times more concentrated than itself. This increase 
is, however, in the case of the hydrochlorides, to a certain extent 
balanced by the influence of increasing dilution of the acid above 
alluded to, which diminishes the value of the constant. Thus we 
may take it that the ratio of the constant of the hydrochloride to the 
constant of hydrochloric acid at the same dilution affords a fair 
approximation to the amount of hydrolysis in a 10 per cent, sugar 
solution. It does not follow that this amount is the same as the 
hydrolysis which would take place in pure aqueous solution, for, even 
though the presence of the sugar may exert no specific action, it, in 
any case, diminishes the amount of water present in a given volume. 

The tables which follow contain the results obtained for the other 
organic bases investigated. Bases of closely corresponding strengths 
were heated in the thermostat together, so that the effect of any 
slight variations of temperature might, as far as possible, he elimi- 
nated. 


Quinoline HydiocJdoiide . 


t 

a. 

a- A. 

0, 

0 

10-63 

13*95 



181 

9-32 

12-64 

0-000237 

261 

8*77 

12*09 

0-000237 

859 

8*18 

11*50 

0-000233 


A = —3*32 

Mean 

0 000236 


Far at dvidine Hydrochloride . 


t. 

a. 

a — A. 

C. 

0 

10*63 

13-05 



148 

9*12 

12-44 

0-000335 

238 

8 3*2 

11-64 

0-000331 

331 

7*42 

10-74 

0-000346 


A = —3*32 


Mean 0000337 


0) thotoluidine Hydrochloride . 


t. 

a. 

a — A. 

0. 

0 

10-63 

13-95 


120 

8-52 

11-84 

0000591 

2n4, 

7-20 

10-52 

0-006601 

292 

5 83 

9-15 

0000627 


A = -3-32 


Mean 0 000606 
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Aniline Hydrochloride. 


t. 

a. 

a — A. 

0 . 

0 

10-63 

13-95 

— 

155 

8"45 

11-77 

0-000475 

238. 

7-38 

10-70 

0-000484 

330 

6-25 

9-57 

0-000495 


A = -3-32 


Mean 0-000485 


Glycocine Hydrochloride . 


t. 

a. 

a — A. 

c. 

0 

10-63 

13-95 

— 

18-9 

8-77 

12-09 

0-00328 

40-5 

7-07 

10-39 

0-00316 

58-5 

5-53 

8-85 

0-00338 


A = -3-32 


Mean 0*00827 


Acetamide Hydrochloride. 


t. 

a. 

a — A. 

0. 

0 

10-63 

14-18 

— 

18-8 

5-75 

9-30 

0-0097 

380 

2-22 

5-77 

00102 

57-9 

0-07 

3-62 

0-0102 


A = -3-55 


Mean 0*0101 


Urea Hydrochloride. 


t. 

a. 

a — A. 

0 . 

0 

10-63 

14-18 

— 

19-5 

5-40 

8-95 

00103 

40-7 

1-78 

5-33 

0-0104 

59-0 

- 0-13 

3-42 

0-0105 


A = -3-55 


Mean 0*0104 


Thiourea Hydrochloride. 


i. 

a. 

• a — A. 

C. 

0 

10-62 

14-02 



33-0 

2-80 

6-20 

0*0107 

43-6 

1-18 

4-58 

0-0111 

53-1 

0-18 

3-58 

00111 


A = -3-40 


Mean 0*0110 


2 w 2 
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Propumiti ile Hydrochloride. 


t. 

a . 

a — A. 

C. 

0 

10*62 

14-02 

— 

33*7 

2-58 

5-98 

0-0110 

44-5 

1-13 

4*53 

0-0110 

54-5 

-o-i 

3-50 

0-0111 

A = - 

-3"40 

Mean 

0-0110 

Asp 

1 

r 

* 

2 

& 

1 


t . 

a . 

a — A. 

c. 

0 

10-46 

13-81 

— 

51-9 

5*47 

8-82 

000375 

61-7 

4*70 

805 

0-00380 

71-6 

4-12 

7-47 

0-00372 

A = ■ 

-3-35 

Mean 

0-00376 

MetJiyIa7iiMne Hydrochloride. 


t. 

a. 

a — A 

C. 

0 

10*46 

13-81 

— 

163 

9*30 

12-65 

0-000234 

238 

8-80 

1215 

0-000234 

311 

8-27 

11-62 

0-000241 

A = - 

-335 

Mean 

0-000236 

Ho constants could be obtained with dimethylaniline, which 
darkened rapidly in the tube, and also separated as an oil when the 



Approximate 

Base. 


0. hydrolysis per cent. 

Dimethylaniline 


? 

? 

Pyridine. ...... 


0-000221 

2 

Monomethylaniline 

0 000236 

21 

Quinoline 


0-000236 

21 

Paratoluidine . . 


0-000337 

3 

Aniline. ....... 


0-000485 

4*5 

Orthotoluidine . 


0-000606 

5-5 

Grlycocine ..... 


0-00327 

29 

Asparagine .... 


0-00376 

34 

Acetamide 


0-0101 

90 

Urea.. 


0-0104 

92 

Thiourea 


0-0110 

97 

Proprionitrile . . 

(HOI 

0-0110 

00113) 

97 
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solution of hydrochloride was added to the solution of sodium acetate. 
The rotations, however, showed that that "base was a strong one, the 
numbers being smaller than those for any other substance investi- 
gated. 

When arranged in the order of the constants 0, the bases appear 
as on p. 582, the strongest base being placed first in the list. 

It will be observed that the aromatic bases are very much stronger 
than the other bases examined, the amount of hydrolysis not being 
more than about 5 per cent. In the case of thiourea and propio- 
nitrile, on the other hand, the hydrochloride scarcely exists as such 
in aqueous solution. Urea and acetamide form somewhat more stable 
hydrochlorides than these, and the amido-acids, glycocine, and aspara- 
gine, are comparatively strong bases. For the weaker bases, from 
glycocine downwards, we have numbers determined from the catalysis 
of methylic acetate (Walker, Zoc. cit. 9 p. 339). These give the bases 
in practically the same order of strength as found by the sugar 
inversion method. The only difference is that whilst the inversion 
method makes acetamide slightly stronger than urea, the catalytic 
method makes it slightly weaker. A repetition of the experiments 
by the last method did not remove the discrepancy, hut it would 
seem that the effect of an excess of acetamide on the inversion, &c., 
is greater than is the case with other bases. 

With regard to the aromatic componnds investigated, the experi- 
mental evidence as to their relative strengths cannot yet be said to 
be final. Lellmann and Gortz ( Annalen , 274, 140) give the following 
order of strength : 


K. 

(1) Paratoluidine 103*0 

(2) Dimethylanilme 101*9 

(3) Pyridine 76*7 

(4) Aniline 67*5 

(5) Orthotolnidine 54*0 

(6) Quinoline 49*7 

whilst we find — 

Hydrolysis. 

(1) Dimethylaniline ............. 1*5 

(2) Pyridine 2*1 

(3) Quinoline 2*1 

(4) Paratoluidine 3*0 

(5) Aniline 4*5 

(6) Orthotoluidine 5*5 


The greatest divergence lies in the positions in the table of para- 
toluidine and quinoline respectively. We make quinoline a much 
stronger base than Lellmann and Gortz find, and paratoluidine a 
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mxicli weaker base. The catalysis of methylic acetate, under the 
conditions previously employed (Zeit. physikah Ghem ., 1889, 4, 319), 
is inapplicable to the comparatively strong aromatic bases, and the 
electrical method adopted in the same paper also gives results open 
to question, as Bredig has shown (loc. cit.). The very complete 
research of Bredig on the velocities of the positive organic ions has 
enabled him, however, to avoid the doubtful assumptions formerly 
adopted, and he has deter min ed a constant for three of the above- 
mentioned bases which is independent of the dilution and may be 
accepted as a measure of their affinity. The constant, namely, is the 
ratio of the degree of dissociation of the hydrated bases to that of 
water. He finds the following numbers. 


Paratoluidineh • 132000 

Anil ine * , • 41000 

Orthotoluidine 29000 


Here the three bases are in the same order as that found by us, 
and also by Lellmann and Gortz. Bredig’s numbers afford us the 
possibility of checking the rough hydrolysis values we have given 
above. 



I. 

H. 

Paratoluidine 

. . . 153 

30 

Aniline - 

... 2-63 

4-5 

Orthotoluidine 

... 3-07 

5-5 


In Column I are the real values of the hydrolysis at 25° in 
^-normal solution, whilst Column II contains the rough values 
at 60° in -gVnorcnal solution. The latter, it will be seen, are almost 
double the former; part of the divergence is, no doubt, due to the 
difference of temperature, but the sources of error previously 
indicated are probably responsible for the greater portion. 

To obtain an accurate affinity constant for a base, the amount of 
hydrolysis of its hydrochloride must be determined, not at one 
dilution only, bnt at a series of dilutions. We therefore made a 
number of experiments at other dilutions than ^-normal, but, as the 
extent of hydrolysis was liable to considerable uncertainty, we did 
not pursue the matter further. The results we obtained, however, 
placed the bases in the same order as that given in our table. 

It would appear, on the whole, that whilst the sugar inversion 
method is inferior to the exact electrical method for the stronger 
bases, and possibly to the catalytic method for the weaker bases, it is 
yet of service as giving comparative results throughout the whole 
range, from the strong aromatic bases down to substances such as 
propionitrile, which can scarcely be said to be basic at all, and may 
be used in cases where the other methods are inapplicable. 
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BxperiTnents ivith Inorganic Salts . 

Little or nothing has as yet been done towards determining the 
relative strengths o£ the weakly basic inorganic hydroxides, such as 
those of aluminium or zinc, although it is true that, in a few cases, 
special properties have been made nse of to estimate the amount of 
hydrolysis of their salts in aqueous solution ; for example, ferric 
chloride solutions have been studied by Gk Wiedemann by the aid of 
theii magnetic properties, and by Ewan from the colorimetric point 
of view. 

We have endeavoured to apply the sugar inversion method to this 
problem, and the results of our experiments are recorded below. 
The experimental substances were zinc nitrate, lead nitrate, cadmium 
nitrate, and aluminium nitrate. Perfectly clear solutions of the pure 
salts in water were obtained, and their strength estimated by direct 
analysis. The experiments were conducted at 80°, in order that the 
inversion might proceed with sufficient rapidity in the case of the 
least hydrolysed salts. 

The tables given beneath are arranged as previously. 

Lead Nitrate , normal . 


t. 

a. 

a — A. 

a 

0 

10-50 

13-53 

— 

151 

5-25 

8-28 

0*00141 

203 

3-45 

6-48 

0*00158 

259 

1-65 

4-68 

0*00178 


A = -3-03 


Mean 0-00159 


Cadmium Nitrate , normal . 


t. 

a. 

a — A. 

O. 

0 

10-50 

13-53 

— 

172 

9-92 

12-95 

0 000111 

252 

9-32 

12-35 

0-000157 

321 

8-68 

11-71 

0-000195 


A = -3-03 


Mean 0-000154 


Aluminium Nitrate 9 normal . 


t. 

a. 

Cl ~~ J^La 

O. 

0 

10-50 

13-53 

— 

45-7 

3-15 

6-18 

0-0075 

621 

1-47 

4-50 

0-0077 

76-8 

0-33 

3-36 

0-0078 


A = -3-03 


Mean 0-0077 
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It will be observed that 0 does not retain a constant value, but 
increases with the time. Another experiment gave the same result, 
the mean being 0 -= 0*00158. 

Zinc Niti ate , normal . 


t. 

a. 

a — A. 

O. 

0 

10-50 

13 53 

— 

188 

9-55 

12-58 

0 000168 

264 

8-90 

11-93 

0-000207 

335 

8-17 

11-20 

0-000245 


A = — 3 03 Mean 0*000207 

To obtain a standard of comparison, the inversion constant of 
1/1000-normal nitric acid was determined at 80°. 

Nitric Acid , 111000-normal. 


t. 

a. 

a — A. 

O. 

0 

10-50 

13-53 

— 

159-4 

3-00 

6 03 

0-00220 

190-9 

2-00 

5 03 

0-00225 

233-5 

0-88 

3 91 

0-00231 


A = -3-03 


Mean 0*00225 


Another experiment gave a mean C = 0*00223. We thus see that 
a semi-normal solution (in equivalents) of lead nitrate inverts cane 
sugar at a somewhat slower rate than a milli-normal solution of nitric 
acid at the same temperature. The amount of free nitric acid in the 
nitrate solntion is therefore only about 0 2 per cent, of the total nitric 
acid, that is, this is the approximate extent of hydrolysis. The other* 
values, estimated in the same way, are given in the following table. 


Hydrolysis 
per cent, m eqniv. 

Nitrates. O. seminormal solution. 

Cadmium. 0*000154 0*014 

Zinc 0*000207 0*019 

Lead 0 00159 0*15 

Aluminium 0*0077 0*7 


Cadmium and zinc hydroxides are thus much more strongly basic 
than the hydroxides of lead and aluminium, which are more nearly 
allied in strength to the strongest organic bases studied in the 
previous part of the investigation. 

University College , 

London . 
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LXIV. — Diortho-s ubstitu ted Benzoic Acids . I. Substi- 

tuted Benzoyl Chlorides. 

By J. J. SUDBOROUGH. 

In previous papers published in tlie Berichte (1894, 27, pp. 510, 
1580, and 3146), it has been shown by Y. Meyer and the author, 
that diortho-substituted benzoic acids of the type, 

COOH 

k/ 1 * 

where B/ and B/ f represent Br, Cl, HO 2 , CH 3 , or COOH, do not yield 
ethereal salts when their alcoholic solutions aie saturated with dry 
hydrogen chloride. The diortho-substituted acids thus differ 
materially from their isomerides, all of which yield 90 — 100 per cent 
of ethereal salt when subjected to similar treatment. 

Although the ethereal salts of these diortho-substituted acids cannot 
be prepared by saturating an alcoholic solution of the acid with 
hydrogen chloride, they are readily obtainable by either of the 
following methods : — (1) Treating the silver salt of the acid with an 
alkylic iodide. If the silver salt of the acid is heated on the water 
bath with an excess of methylic iodide, during half an hour, a theo- 
retical yield of the methylic salt is obtained. The following have 
been prepared by this method. 

Methylic 2 : 6-dibromobenzoate. 

„ 2:4: 6-tnbiomobenzoate. 

„ 2:3:4: 6-tetrabromobenzoate. 

„ 2:4: 6-trime thylbenzoate. 

„ 2:4: 6-trinit robenzoate. 

(2) By boiling the acid chlorides with the alcohol. In most cases 
substituted benzoates are produced by heating the coi responding acid 
chloride for a few minutes with excess of the alcohol ; but in order to 
obtain the salts of the diortho-substituted acids it is necessary to 
boil the acid chloride for some time with the alcohol as the action 
seems to proceed more gradually. 

The following have been obtained by this method. 

Methylic orthobromobenzoate. 

„ metabromobenzoate. 

„ parabromobenzoate. 

„ 2 : 4-dibromobenzoate* 

„ 2 : 6-dibromobenzoate. 
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Methylic 3 : 5-dibromobenzoate. 
s , 2:4: 6-tribiomobenzoate 

,. 3:4: 5-tribromobenzoate 

2 : 6-dinitrobenzoate. 

„ 2:4: 6-ti’imtrobenzoate. 

In attempting to prepare the methylic salt of tricblorobenzoic acid, 
by the action ot metbylic alcohol on the acid chloride, it was found 
that if the two were merely heated together for a few minutes 
and then evaporated on the water bath the residue consisted of the 
unaltered chloride. On investigating the action of water on the acid 
chloride, it was found that on boiling the chloride with water for ten 
minutes, the merest trace of hydrogen chloride was liberated (Trans., 
1894, 65, 1030). Y. Meyer about the same time observed that 
2:4: 6-trimtrobenzoyl chloride is also characterised by its stability 
m the presence of boiling water. These facts suggested the idea that 
acid chlorides of the type 

COC1 

t) E 

are remarkably stable substances, and led to the research an account 
of which is contained in the following pages. As the basis of the 
work, the various bromobenzoyl chlorides were selected, as they were 
the most readily obtainable. The following were prepared and their 
stability studied. 

Orthobromobenzoyl chloride. 

Metabromobenzoyl „ 

Parabromobenzoyl „ 

2 : 4-dibromobenzoyl „ 

3 : 5-dibromobenzo yl „ 

2 : 6-dibromobenzoyl „ 

2:4: 6-tri bromo benzoyl „ 

3:4: 5-tribromobenzoyl „ 

2:3:4: 6-tetrabromobenzoyl „ 

The 2 : 6-dinitro- and 2:4: 6-trinitro-benzoyl chlorides were also 
prepared, but on treatment with alkalis they were readily dissolved 
and deep red solutions were formed owing to secondary actions which 
took place (see Y. Meyer, Ber., 1894, 27, 3156). 

Decomposition with Water .— Preliminary experiments were made by 
boiling the acid chlorides for definite periods with a given quantity 
of water, and then estimating the amount of hydrogen chloride 
formed. The results of these experiments showed that the diortho** 
substituted chlorides are characterised by no great stability as com- 
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paired with the other chlorides. Thus, of the thiee dibromo- 
chlorides, the 2 : 6-derivative was completely decomposed withiu 
30 minutes, whilst the 3 : 5-derivative, under exactly the same 
conditions, required 40 minutes. The 2 : 4-chloride was entirely 
decomposed within 15 minutes. The two tribromochlorides were 
both very stable and were only slowly decomposed when boiled with 
water. The monobromobenzoyl chlorides show remarkable differences 
in their behaviour towards bo ilin g water. Thus, whilst the ortho- 
derivative is entirely decomposed by boiling with water for two 
minutes, the meta-derivative requires 12 minutes for complete decom- 
position when boiled with the same quantity of water. 

Decomposition with, Sodium Hydroxide Solution . — A few preliminary 
experiments showed that the behaviour of the acid chlorides was 
quite different when boiled with dilute soda solution ; thus, whilst 
most of them were immediately decomposed, those which contained 
bromine atoms in the 2 ortho-positions could only be converted into 
the sodium salts by boiling for some time with the alkali. In order 
to study the decomposition in each case, the following method was 
adopted : — An 8 per cent, solution of pure sodium hydroxide (pre- 
pared from metallic sodium and free from chlorine) was used. 
H al f a gram of the chloride was heated, on a sand-bath, with 
20 c.c. of this solution in a small flask connected with a reflux con- 
denser. In many cases, the decomposition was complete within a few 
seconds after the solution began to boil ; this was readily seen by the 
fact that all the chloride had disappeared and only a clear solution of 
the sodium salt of the acid remained. In those cases in which the 
action was not so vigorous, the course of the decomposition was 
followed by estimating the amount of hydrogen chloride formed at 
the expiration of a given time, the flask and its contents being 
rapidly cooled by plunging into a large beaker of cold water. The alkali 
solution was diluted with distilled water, the unaltered acid chloride 
filtered off, and the filtrate acidified with nitric acid. After being again 
filtered, if necessary, from any acid which might be precipitated, the 
hydrogen chloride in the clear solution was estimated by means of 
silver nitrate. The results thus obtained were checked by estimating 
the amount of unaltered acid chloride. To accomplish this the 
residue, which had been filtered off from the alkaline solution, was 
dissolved in pure ether (free from alcohol), dried over calcium 
chloride, the ether slowly evaporated, and the residue weighed. The 
two methods gave fairly concordant results. 

Orthohromobenzoyl Ohlm'ide [0001 : Br = 1 : 2]. 

This is readily prepared by heating the orthobromo-acid with 
phosphorus pentachloride in molecular proportion. It is a colourless 
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liquid, 'which distils at 245° (uncorr.), and has the characteristic acid 
chloride smell. On cooling in ice, it solidifies to a mass of colourless 
needles which melt at about 11°. It is only slowly acted on by cold, 
but rapidly by hot, water. The following numbers were obtained on 
boiling with water for two minutes. 

Weight of Fer cent, 

chloride. Water. Time. -AgCI. decomposed. 

(1) 0*500 gr. 20 c c. 2 mins. 0*3270 gr. 100*03 

(2) 0*500 „ 20 „ 2 „ 0*3265 „ 99*88 

Decomposition with Sodium Hydroxide Solution (8 per cent.). — Half a 
gram of the acid chloride was boiled with 20 c.c. of the alkali solution ; 
although the decomposition was rapid, a clear solution of the sodium 
salt of the orthobromo-acid was only obtained after the boiling had 
been continued for two minutes. The acid, which was precipitated 
on adding hydrochloric acid, melted at 147°. It would seem that 
this chloride is somewhat more stable than the corresponding meta- 
and para-compounds. 

Hethylic Salt , CflHiBr-COOCHj — This was readily obtained by 
boiling the acid chloride for a few minutes with excess of methylic 
alcohol. It is a colourless oil, boiling at 250° (uncorr.). Bahlis 
(. Annalen , 1879, 198, 99) gives 246 — 247° as the boiling point. 

Amide, CgHiBr'COlSrHo. — Strong aqueous ammonia reacts vigor- 
ously with the acid chloride, forming the amide which crystallises 
from boiling water in silky needles, melting at 155°. Schotten (Ber., 
1888, 21, 2251) gives 155 — 156° as the melting point. 

Metabromobenzoyl Chloride [CO 01 : Br = 1 : 3], 

This chloride has already been prepared by Muller (Zeit. fur Ohem,., 
1871, 301). It is a colourless oil, which has the characteristic 
pungent odour, boils at 243° (uncorr.) under atmospheric pressure, 
and does not solidify at 0°. 

Decomposition uith Water. — The following numbers were obtained 
on boiling with water. 


Chloride. 

■Water. 

Time. 

AgCl. 

Per cent, 
decomposed. 

(I) 0-5010 gr. 

20 c.c. 

4 mins. 

0 1420 gr. 

43-35 

(2) 0-5000 „ 

20 „ 

8 „ 

0-3010 „ 

92-08 

(3) 0-5000 „ 

20 „ 

12 „ 

0-3252 „ 

99-48 


Decomposition with Sodium Hydroxide Solution . — Half a gram of 
the chloride, heated with 20 c.c. of the 8 per cent, soda solution, was 
completely decomposed within 10 seconds of boiling, with formation 
of the sodium salt of m e tabrom oben zoic acid. The acid which was 
recovered from this alkaline solution melted at 155°. 
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Methylic Balt , C 6 H 4 Br*COOOH 8 . — This was prepared from the 
chloride and methylic alcohol. Recrystallised from methylic alcohol, 
it forms colourless plates which melt at 81°. Meyer and Ador give 
31 — 32° as the melting point of the salt obtained by saturating with 
hydrogen chloride a solution of the acid in methylic alcohol. 

Amide , C«H 4 Br , CON’H 2 . — This is readily obtained by the action of 
strong aqueous ammonia on the chloride; it separates from boiling 
water in glistening plates which melt at 151°. (See Engler, Ber , 
1871, 4, 708.) 

Barabromobenzoyl Chloride [0001 : Br = 1 : 4] 

Jackson and Rolfe ( Amer . Chem. J., 1887, 9, 85) have prepared 
this chloride by a somewhat tedious process. They describe it as 
crystallising in needles which melt at 30°, and distil, under atmos- 
pheric pressure, at 245 — 247°, at the same time undergoing partial 
decomposition. The chloride has also been prepared by Schotten 
(Her., 1888, 21, 2249), who describes it as crystallising in needles 
which melt at 42°. 

The simplest method for the preparation of the chloride is to heat 
the finely divided parabromobenzoic acid with the requisite quantity 
of phosphorus pentachloride, and then to distil under diminished 
pressure* After all the phosphorus oxychloride has passed over, the 
temperature rises rapidly, and the bromobenzoyl chloride distils over 
at 154 — 155° under a pressure of 50 mm. On cooling, it sets to a 
mass of minute needles which melt at 39 — 40°. It is readily soluble 
in all organic solvents, and may with some difficulty be recrystallised 
from light petroleum (b. p. 40 — 60°) ; it forms colourless, prismatic 
needles melting at 41°. 

It has the characteristic penetrating odour, and is remarkably 
volatile with steam, but is at the same time decomposed It is only 
slowly acted on by cold water. 


j Decomposition with Boiling Wate ) . — 


Chloride. 

Water 

Turn 

AgCl 

Per cent, 
decomposed. 

(1) 05 gr 

20 c.c. 

2 mins. 

0 1500 gr. 

45-88 

(2) O-o „ 

20 „ 

4 „ 

0-2940 „ 

89 94 

(3) 0-5 „ 

20 „ 

6 „ 

0-3250 „ 

99-42 


Decomposition with Sodium Hydroxide Solution . — Half a gram of the 
chloride, heated with 20 c c. of the 8 per cent, soda solution, was 
completely decomposed by the time the solution boiled ; on acidifying, 
parabromobenzoic acid melting at 252° was thrown down. 

Methylic Salt CaHiBrCOOCHs. — Hot methylic alcohol acts vigor- 
ously on the chloride, and the methylic salt thus formed separate 
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from its alcoholic solution in large, glistening, prismatic plates which 
melt at 78° Olgiati ( Ber , 1894, 27 , 3896), who has quite recently 
prepared it from the silver salt and methylic iodide, gives the melting 
point at 74°, whereas B»upe (Ber., 1895, 28 , 260), who also obtained 
it from the silver salt, states that it melts at 81°. As such different 
melting points are given by different authorities, I have prepared the 
ethereal salt by saturating a solution of the acid in methylic alcohol 
with dry hydrogen chloride, and have found it to agree in every 
respect with the salt obtained from the acid chloride. Prepared by 
either method, it forms well- developed, glistening, prismatic plates, 
which melt sharply at 78°. 

Amide , C 6 H 4 Br • C O NH 2 — This is readily prepared by the action of 
strong aqueous ammonia on the chloride. The action is very vigorous, 
and the product crystallises from boiling water in long, colourless 
needles which melt at 186°. Jackson and Bolfe also give 186° as the 
melting point. 

2 : 4-J Dibromobenzoyl Chloride [COC1 : Br 2 = 1:2:4]. 

In order to prepare the chloride, the acid (for preparation of acid 
see following paper) was treated with the requisite quantity of phos- 
phorus pentaehloride. After distilling off the oxychloride of phos- 
phorus, the residue was dissolved in light petroleum (b. p. 40 — 60°), 
and, on allowing the solution to stand, the dibromobenzoyl chloride 
separated in long, prismatic needles. On recrystallising from light 
petroleum, it formed yellowish, hard prisms which melted at 
48 — 49°. The chloride is readily soluble in all organic solvents, and 
has a slightly acid chloride smell, which is greatly intensified by 
warming with water. It is to some extent volatile with steam, bnt 
is. at the same time, decomposed. 

0*300 gave 0*5190 mixed AgCl and AgBr, which, reduced in a 
stream of hydrogen, gave 0*3235 Ag. 


Theory. Pound. 

Br 53'60 per cent. 53*43 per cent. 

Cl 11*89 „ 11*74 „ 


Decomposition with Sodium Hydroxide Solution — Half a gram of 
the acid chloride when boiled with 20 c.c, of the alkali solution was 
completely decomposed within three minutes. The amount of 
hydrogen chloride formed was estimated after the boiling had been 
continued for 1J minutes. 

0*5 chloride gave 0*2264 AgCl ; equivalent to 94*19 per cent, 
decomposed. The acid, which was recovered, melted at 167°. 

Methylic Salt , CJEfsBr^COOCH,}. — This was readily obtained by 
boiling the chloride for a few minutes with methylic alcohol; on 



SUDBOROUGH : SUBSTITUTED BENZOYL CHLORIDES. 


593 


standing, it separates out as an oil, winch solidifies to a mass of small 
needles when kept for some time in a desiccator over sulphuric acid. 
These, when recrystallised from chloroform, melt at 33°, and agree in 
every respect with the product obtained directly from the acid. It is 
very difficult to obtain pure, as it is so readily soluble in all organic 
solvents. 

3 : o-Dibromobenzoyl Chloride [CO Cl : Br» = 1:3:5]. 

The 3 : 5-dibromobenzoic acid was prepared from the dibromo- 
paramido-aeid, which is readily obtained by the action of bromine 
water on pararaidobenzoic acid. 

Forty grams of the finely divided dibromamido-acid were suspended 
in 150 c.c. of absolute alcohol, and the whole heated on the water 
bath in a flask connected with a reflux condenser ; nitrous fumes 
(from white arsenic and nitric acid) were then passed into the boiling 
mixture until all the dibromamido-acid had disappeared, and a clear 
solution was formed. This was diluted with cold water, and the 
dibromobenzoic acid, which was thrown down in the form of small 
needles, was collected, dissolved in dilute sodium carbonate solution, 
and boiled for some time with animal charcoal. On acidifying the 
alkaline solution with hydrochloric acid, pure 3 : 5-dibromobenzoic 
acid was obtained, melting at 209°; the yield was a little over 50 per 
cent, of the theoretical. 

The chloride was prepared in the same way as the 2 : 4-derivative. 
It distilled at 189° under a pressure of 45 mm. On cooling, it 
solidified to a mass of small, colourless needles melting at 41°. It 
is very readily soluble in all organic solvents, but may be recrystal- 
lised from light petroleum (b. p. 40 — 60 3 ). 

This chloride is scarcely acted on by cold water, and only slowly 
by boiling water. Half a gram of the chloride was completely 
decomposed on boiling for 40 minutes with 20 c.c. of distilled water. 
It has a faint add chloride smell, which is greatly intensified by 
warming with water. 

0*3010 gave 3*5220 mixed AgCl and AgBr, which, when reduced, 
gave 0*3256 Ag. 


Theory. Found. 

Br 53*60 per cent. 53*37 per cent- 

C1 11*89 „ 11*87 


Decomposition with Sodium Hydroxide Solution . — Half a gram of the 
chloride and 20 c.c. of the 8 per cent, soda solution were heated on 
the sand hath ; the chloride was entirely decomposed by the time the 
solution began to boil. The acid recovered from the alkaline solu- 
tion melted at 209°* 
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Metkylia Salt , CsHjjBry C 0 0 0 H 3 . — As obtained from the chloride, 
this agreed in all respects with that prepared by saturating a methylic 
alcoholic solntion of the acid with hydrogen chloride. It separates 
from its alcoholic solution in prismatic needles, which melt at 63°, 
and are readily soluble in ether, alcohol, and benzene. 

Amide, C 6 H 3 Br 2 *COOH. — This was formed by the action of aqueous 
ammonia on the chloride. It crystallises from dilute alcohol in 
glistening plates melting at 187°. 


2 : 6 - Dibromobenzoyl Chloride [0001 : Br 2 = 1:2:6]. 

After heating the acid with the requisite quantity of phosphorus 
pentachloride and distilling off the oxychloride, the residue was 
treated with water, extracted with ether, the ethereal solution shaken 
out with dilute sodium carbonate and the ether evaporated. The oil 
which remained was dissolved in light petroleum (b. p. 40 — 60°) and 
the solution allowed to stand, when the chloride separated in the 
form of large, prismatic plates which, after recrystallisation from 
light petroleum, melted at 46°. The chloride is readily soluble in all 
organic solvents, has no odonr, and is very stable towards cold water, 
but when boiled with it is decomposed within 30 minutes. 

0*200 gave 0*3510 mixed AgCl and AgBr, which, when reduced, 
gave 0*2190 Ag. 


Theory. Found. 

Br 53*60 per cent. 53*94 per cent. 

Gl 11-89 „ 12*06 


Decomposition with Sodium Hydroxide Solution — This acid chloride, 
when heated with the 8 per cent, soda sol ution, proved to he much 
more stable than any of the chlorides pieviously mentioned. The 
following numbers were obtained — 

(D 0*5 gram of chloride was boiled with 20 c.c. of the alkali solution 
for five minutes. A residue of 0*4010 gram of unaltered 
chloride was obtained = 19*80 per cent, decomposed ; and 
0*0470 gram AgOi was obtained from the filtrate = 19*56 
per cent, decomposed. Mean = 19*68 per cent. 

(2) The same quantities were boiled for 10 minutes when a residue 

of 0*313 gram was obtained = 37*40 per cent, decomposed; 
and 0*0890 gram AgOl was obtained from the filtrate = 37*03 
per cent. Mean = 37*21 per cent. 

(3) On boiling for 20 minutes, a residue of 0*1530 gram of unaltered 

chloride was obtained = 69*40 per cent, decomposed, and 
0*1650 gram AgCl was formed from the filtrate = 68*64 per 
cent. Mean = 69*02 per cent. 
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(4) 0 5 gram of the acid chloride, when boiled with 20 c.c. of the 
soda solution, was entirely decomposed after 35 minutes. 
A minnte quantity of an insoluble residue was left, but this 
was far too small for further investigation. 

Methylic Salt , C fa H 3 Br 3 *COOCH 3 — This was obtained by boiling the 
acid chloride with excess of methylic alcohol for half an hour. It is 
readily soluble in alcohol, ether, and even in light petroleum (b. p. 40 — 
60'). It crystallises from alcohol m colourless, glisteningplates which 
melt at 7b°. Prepared by treating the silver salt of the acid with 
methylic iodide, it melted at 78° and corresponded in all respects 
with the above. 

0*2125 gave 0 2696 AgBr. Br == 53*99. 

Theory requires Br = 54*42 per cent. 

Amide , C fa ELBiYCONH 2 — This was obtained from the nitrile as an 
intermediate product in the formation of the acid, and also by the 
action of aqueous ammonia on the chloride. It is soluble in boiling 
water, from which it crystallises in hard prismatic needles; these 
begin to soften at 186° and melt at 192°. 

3:4: 5-T? ibromobenzoyl Chloi ide [CO Cl : Br 3 = 1 : 3 : 4 : 5]. 

This acid was prepared from dibromoparamidobenzoic acid by 
replacing the amido-group by bromine (Sudborough, Be?*., 1894, 27 , 
512). 

In order to obtain a good yield, it is necessary to use a large excess 
of sodium nitrite, and not to keep the temperature too low during the 
diazotizing. The diazo-solution should be added to the hot cuprous bro- 
mide solution, as then no trace of tarry matter is formed ; after heating 
for half an hour on the water bath, the solution is filtered and the 
residue exti acted with cold alcohol, in which the tribromo-acid is 
readily soluble ; it may be obtained from its alcoholic solution by 
adding water, when it separates in minute needles. After recrystal- 
lisation from dilute alcohol or hot benzene, the acid forms long, 
colourless needles which melt at 235°. 

In order to prepare the chloride, the acid is well mixed with the 
requisite quautity of phosphorus pentachloride in a mortar, and the 
mixture is heated in a small flask ; if the two are not well mixed, 
a considerable quantity o± an insoluble product is formed (probably 
the anhydride). After distilling off the oxychloride, the residue 
is extracted with hot light petroleum (b p. 40 — 60°) ; the acid chloride 
separateSTfrom this solution in clusters of small yellowish needles, 
which, after recrystallisation, melt at 83°. The chloride has no odour, 
and is only slowly decomposed by boiling water. 

vol. lxvii. 2 s 
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0’200 gave 0'372 mixed AgCl and AgBr* which on reduction, gave 
0-227 Ag. 


Theory. Found. 

Br 63*57 per cent. 63 26 per cent. 

Cl 9*40 „ 9*23 


Decomposition with Sodium Hydroxide Solution . — Half a gram of the 
chloride was heated on the sand hath with 20 c.c. of the alkali solution; 
the whole was decomposed by the time the solution began to boil. 
On acidifying the solution of the sodium salt with hydrochloric acid, 
it yielded the 3:4: 5-tribromo-acid melting at 235°. It may be 
noted that the sodium salt of this acid is only sparingly soluble in 
cold water. 

Methylic Salt , C^Br^COOCHs. — This was obtained direct from 
the acid, and also by boiling the chloride for a few minutes with 
methylic alcohol. It is somewhat sparingly soluble in alcohol, from 
which it separates in long needles melting at 154°. 

The ethylic salt, C 6 HaBr 3 *COOC 2 H 3 , which was prepared by heating 
the chloride with ethylic alcohol, crystallises in prismatic needles 
melting at 126°. 

Amide, C 6 H 2 BiyCONH 2 . — The amide, obtained by the action of 
aqueous ammonia on the chloride, was recrystallised from dilute 
alcohol, when it was obtained in small needles melting at 210°. 

2:4: 6* Tribromobe'iizoyl Chloride [COC1: Br 8 = I : 2 : 4 : 6]. 

The tribromobenzoicacid was obtained from the tribromometamido- 
acid by the elimination of the amido-group by means of ethylic nitrite 
as recommended by Volbrecht (Ber., 1877, 10, 1708). The method 
adopted was similar to that used in the preparation of the 3 : 5. 
dibromo-aeid. In order to pnrify the acid, it was boiled in benzene 
solution with animal charcoal ; it crystallised from benzene in small 
hard needles which melt at 187°. This method was found more con- 
venient for the preparation of large quantities of the add than that 
formerly given by the author (Ber., 1894, 27, 512). 

The chloride was readily prepared by heating together the requisite 
quantities of acid and phosphorus pentachloride. After distilling off 
the phosphorus oxychloride under diminished pressure, tte residue was 
recrystallised several times from light petroleum (b. p. 40—00°). It 
forms large, colourless, prismatic plates, some of which are nearly 
cubes ; these are readily soluble in all organic solvents, and melt at 
47°. This chloride does not possess the penetrating acid chloride 
smell; it is remarkably volatile with steam, and is only slowly decom- 

* In order to completely decompose the organic matter, it is necessary to heat 
for several hours at 300 — 320° in the sealed tube. 
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posed by boiling water. After boiling for 30 minutes, only 28 per 
cent, was decomposed. 

0*200 gave 0*373 mixed AgCl and AgBr which on reduction gave 
0-2275 Ag. 

° mi 171 J 


Theory. Found. 

Br 63*57 per cent. 63*56 per cent. 

Cl 9-40 „ 9*18 


Decomposition with Sodium Hydroxide Solution . — 

(1) 0*5 gram was boiled with 20 c.o. of the solution for 30 minutes. 

A residue of 0*358 gram of unaltered chloride was obtained 
(= 28*40 per cent, decomposed) ; and the filtrate yielded 
0*0535 gram AgCl, = 28*14 per cent, decomposed. Mean 
= 28 27 per cent. 

(2) A second experiment gave mean = 30 18 per cent. 

(3) After boiling for 60 minutes, 0*5 gram gave 0 240 gram of 

unaltered chloride = 52*00 per cent, decomposed, and 0 1020 
gram AgCl = 55*66 per cent. Mean = 52 83 per cent. 

(4) After 90 minutes 0*5 gram gave 0*0966 gram of unaltered 

chloride = 80*68 per cent, decomposed, and 0 1550 gram 
AgCl = 81 55 per cent. Mean = 81*11 per cent. 

The decomposition was more rapid when the chloride was boiled 
with the alkali solution over the free flame instead oB on the sand 
bath ; in this way, complete decomposition could be brought about 
in 45 minutes. 

The recovered acid melted at 187°, and the chloride at 46°. 

Methylic Salt , C 6 H 2 Br 3 *C 0 O CH 3 . — This was obtained by boiling the 
chloride for some time with methylic alcohol. It is very soluble in all 
organic solvents, and separates from its alcoholic solution in the form 
of needles melting at 67°. 

0*2466 gram gave 0*3730 gram AgBr. 

Theory. Found. 

Br 64*34 per cent. 64*37 per cent. 

It was also prepared by the actiou of methylic iodide on the silver 
salt of the acid. It agreed in all respects with the above. 

Amide, C 6 H 8 Br 3 *C01TH2. — Cold aqueous ammonia does not react 
with the acid chloride ; but on heating the two together for some 
minutes the amide is readily formed. When recrystallised from dilute 
alcohol, it forms slender colourless needles which melt at 193°. 


2:3:4: 6 - Tetrabromobenzoyl Chloride [COCl : Br* = 1 : 2 : 3 : 4 : 6]. 


The acid was obtained by the method given by Meyer and Sud~ 
borough (Ber., 1894, 27, 1583); it is only necessary to add that 

2 s 2 
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excess of sodium nitrite need not be used, as tlie tribromamido-acid 
is readily diazotised ; and also that it is better to run the diazo-solu- 
,tion into the cold cuprous bromide, as otherwise tarry matter is 
readily formed. 

The acid was purified by boiling in benzene solution with animal 
charcoal. After several recrystallisations, it was obtained in small 
colourless needles melting at 179°. 

0-2230 gave 0*0160 H 2 0 and 0*1624 C0 2 . 0 = 19-86; H = 0*79. 

0-24U2 „ 0*0178 „ 0-1690 C0 2 . 0 = 19*18; H = 0-82. 

0-2005 0*3425 AgBr. Br = 72*70. 

Theory requires O = 19-18 ; H = 0*45 ; Br = 73 06 per cent. 

The chloride, prepared in the same way as the 2:4: 6- derivative, 
formed fine, somewhat discoloured needles, which, after further purifi- 
cation by boiling for 15 — 20 minutes with soda solution and 
recrystallisation from light petroleum, separated in colourless prisms, 
almost cubes, and melted at 58°. 

This chloride is remarkably stable both towards boiling water and 
caustic alkali ; it was not completely decomposed when boiled with 
water for H hours. It is quite odourless, and is soluble in ether, 
benzene, light petroleum, and hot alcohol, but only slightly so in cold 
alcohol. 

(1) 0*200 gave 0*3884 mixed AgCl and AgBr which when reduced 

gave 0*2340 Ag. 

(2) 0*250 gave 0*4860 mixed AgCl and AgBr which when reduced 

gave 0*2924 Ag. 

Found. 


c — * — \ 

Theory. X. II. 

Br 70*09 per cent. 69*65 70*10 per cent. 

Cl 7*77 „ 7-55 7*34 


Decomposition with Sodium Hydroxide Solution . — 

(1) 0 5 gram of the chloride was boiled with 20 c.c. of the 8 per 

cent, solution for an honr on the Band hath. A residue of 
0*4680 gram of unaltered chloride was obtained, and the 
filtrate gave only a very small qnantity of silver chloride. 
Decomposition = 6*4 per cent. 

(2) The above was repeated. A residue of 0*4600 gram of un- 

altered chloride was obtained. Decomposition = 80 per 
cent. 

The decomposition was more rapid when the mixture was heated 
over wire gauze, or over a free flame. The recovered acid was found 
to melt at 179°. 
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Methylic Salt , CsHBr^COOCHs. — This was obtained from the silver 
salt and methylic iodide ; after recrystallisation from alcohol, it forms 
clnsters of hard, prismatic needles, which melt at 77°. 

0*2670 gave 0*4420 AgBr. Br = 70*44. 

Theory requires Br = 70*79 > per cent. 

Attempts made to prepare this ethereal salt by the action of 
methylic alcohol on the chloride were unsuccessful; the chloride 
disappeared after boiling the mixture for some time, but, on allowing 
it to stand, an oil separated, which did not solidify when kept for 
some time over sulphuric acid, and gave most of the reactions for the 
chloride. 

2 : 6-Dinitrobenzoyl Chloride [COC1 : (N0 2 ) 2 = 1:2:6], 

The diorthonitrobenzoic acid was prepared by Benfey’s method 
(Ber., 1894, 27, 3148) from pure 2 : 6-dinitrotoluene, which Pro- 
fessor Meyer was kind enough to send me. It forms colourless 
needles, which dissolve readily in water and melt at 202°. The 
chloride was obtained by the action of phosphorus pentachloride on 
the acid; it is necessary that the two should be well mixed, as 
otherwise a quantity of the anhydride is formed. After distilling off 
most of the phosphorus oxychloride, the residue was treated with 
cold water, allowed to stand a short time, and then extracted with 
ether. The ethereal solution, after shaking out with dilute sodium 
carbonate solution and drying over calcium chloride, was allowed to 
evaporate, and the chloride was thus obtained in the form of yellowish 
plates, which melted at 98°. 

0*200 gave 0*125 AgCl. Cl = 15*46. 

0*220 „ 23*3 c.c. moist nitrogen at 15° and 758 mm. H = 12*37. 

Theory requires Cl = 15*40 ; N = 12*14 per cent. 

The chloride is odourless and is not decomposed by cold water, but 
when boiled with it, is slowly decomposed. 0*5 gram boiled with 
20 c c. water for 30 minutes gave 0 305 gram AgCl, equivalent to 
97*98 per cent, decomposed. 

The decomposition with sodium hydroxide could not be followed 
out, as other actions occur simultaneously. Thus, on warming with 
caustic [alkali, the chloride dissolves, forming a deep red solution, 
similar to that given by the acid when treated with excess of alkali. 

Methylic Salty CgH^iN 0 2 )2C 0 O CH3. — This was obtained by boiling 
the chloride with methylic alcohol. It crystallises in glistening 
plates, which are soluble in boiling alcohol but not in cold ; it melts 
at 147°, and gives a deep red colour with caustic soda. 

0*261 gave 27 c.c. moist nitrogen at 15° and 768 mm. 25T = 12*24. 

Theory requires N = 12*38 per cent. 
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2:4: 6-Triniirobenzoyl Chloride [COOl : (N0 2 )3 = 1 : 2 : 4 : 6]. 

The trinitrobenzoic acid was kindly presented to me by the 
“ Chemische Fabrik Gr^shaim.” To prepare the chloride, the acid 
must be intimately mixed with the requisite quantity of phosphorus 
pentachloride and then heated ; it is advisable not to distil off all the 
oxychloride, as an explosion ensues if the residue is overheated. To 
separate the acid chloride from the oxychloride, the mixture is pressed 
on a porous plate, and finally recrystallised from benzene ; on cooling, 
the chloride separates in well-developed plates, apparently containing 
benzene of crystallisation, as they effloresce when exposed to the air. 
The powder thus formed melts at 158°. 

0*300 gave 0 1493 AgCl. Cl = 12*32. 

0*2184 „ 29*4 c.c. moist nitrogen at 16° and 755 mm. N ss 15*58. 

Theory requires Cl = 12*88 ; N = 15*24 per cent. 

The chloride is very stable towards boiling water (see Meyer, Ber ., 
1894, 27, 3153), but is at once dissolved on warming with sodium 
hydroxide, forming a deep red solution. It is only sparingly soluble 
in ether, and insoluble in light petroleum. 

If a mixture of pentachloride and oxychloride of phosphorus is 
used in the preparation of the chloride, as recommended by V. Meyer, 
a quantity of anhydride is formed ; this crystallises in small, colour- 
less needles, insoluble in ether or alcohol, and only slightly soluble in 
benzene. They melt at 270°, and, at the same time, undergo decom- 
position. 

0*172 gave 24*9 c.c. moist nitrogen at 14° and 756 mm. N = 16*94. 

Theory requires N = 16 94 per cent. 

Methylic Salt, C 6 H 2 (N0 2 )3*C00CH3. — This was obtained by boiling 
the chloride with a very large excess of methylic alcohol for some 
time, also by the action of methylic iodide on the silver salt of the 
acid. As prepared by either method, it forms yellowish, prismatic 
plates, which melt at 157°, and are only soluble in alcohol and ether 
with difficulty. 

Ethylic Salt , C 6 H.>(N 0 2 ) 3 ' CO O C 3 H 5 . — This was obtained by the 
action of ethylic alcohol on the chloride, and by heating the silver 
salt of the acid with excess of ethylic iodide. It forms yellowish 
plates, sparingly soluble in alcohol and ether, and melts at 155°. 

0*1/22 gave 21*8 c.c. moist nitrogen at 15° and 762 mm. N" = 14*86. 

Theory requires N = 14*73 per cent. 

Both the ethereal salts dissolve in alkili solutions when gently 
warmed, yielding deep red solutions. 
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Conclusion. 

The resnlts recorded in the preceding pages show — 

1. That the acid chlorides in which substitution does not occur in 
either of the ortho-positions are readily decomposed by dilute alkalis, 
the decomposition being almost instantaneous at the boiling point of 
the alkali solution. 

2. That the acid chlorides which have a bromine atom in one 
ortho-position are relatively more stable towards alkalis. Thus, 
orthobromo- and 2 : 4-dibromo-benzoyl chloride are completely decom- 
posed after boiling with the alkali solution for two to three minutes. 

3. That acid chlorides, in which both ortho-positions are occupied 
by bromine atoms, are remarkably stable, and are only converted 
into the corresponding sodium salts of the acids by long-continued 
bo iling with an alkali solution. 

If substitution has already taken place in the two ortho-positions 
with respect to the COC1 group, the introduction of bromine atoms 
into the benzene nucleus seems to render the acid chloride still more 
stable. 

These results are interesting when compared with those recently 
obtained by Y. Meyer on the hydrolysis of the ethereal salts of 
substituted benzoic acids. Professor Meyer informs me he has found 
that the ethereal salts of monortho-substituied benzoic acids are 
somewhat more stable towards hydrolysing agents than their isomer- 
ides, and are also formed more slowly. Further, that the corre- 
sponding diortbo -substituted derivatives exhibit the same stability 
towards hydrolysing agents, but in a more marked degree. 


LXV. — Diortho-substituted Benzoic Acids . II. Hydro - 

lysis of Aromatic Nitriles and Acid-amides. 

Bj J. J. SUDBUItOUttH. 

At present there appears to be no good general method by which 
considerable quantities of aromatic acids can be obtained from the 
corresponding nitriles. 

The following are the methods most usually adopted. 

1. Hydrolysis by heating with excess of concentrated hydrochloric 
acid at 200 — 230°. This method is of very general application and 
gives good results, but as it necessitates the use of sealed tubes, only 
small quantities of acid can be prepared by this method. 

2. Hydrolysis with alcoholic potash. This gives good results 
in many instances, but in others secondary actions occur, especially 
in the case of nitriles containing one or more nitro-gronps. 
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3. Hydrolysis by boiling with moderately concentrated (50 — 70 
per cent.) sulphuric acid. Large quantities of the nitnle can be 
treated in this way, but in many instances the action proceeds no 
further than the formation of the acid amide (see Claus, Annalen , 
265 , 266 , 269 ). 

4. Bouveaalt’s method {Bull. Soc . Chim , [3], 1892, 9, 368), by 
which the nitnle is converted into the acid amide and then treated 
with sodium nitrite. According to Bouveault, this method can only 
be employed for those nitriles which yield the corresponding acid 
amides when heated on the water bath for several hours with 90 per 
cent, sulphuiic acid. 

By a slight modification of Bouveault’s method, it has been found 
possible not only to render it of far moTe general application but also 
to shorten the time required for the operation. 

Bouveault’s method as thus modified is as follows. 

The purified nitrile is heated with 25 — 30 times its weight of 
90 per cent, sulphuric acid at 120 — 130° either on a sand bath or in 
an oil bath for about an hour.* By this means the nitrile is converted 
into the acid amide, and the clear, slightly coloured, solution is 
allowed to cool and then treated with the theoretical quantity of 
sodium nitrite dissolved in as little water as possible. 

In this operation it is necessary to keep the solution at about 
20 — 30°, to run in the sodium nitrite under the surface of the sul- 
phuric acid by means of a separating funnel, and to stir vigorously the 
whole time. If these precautions are taken, no evolution of gas 
occurs. The mixture, which is now dark red, is gently warmed on 
the water bath until evolution of gas ceases. A capacious flask 
should be used as the evolution of gas is sometimes tumultuous. 
On pouring the mixture into cold water the acid, mixed with a little 
amide, is thrown down and may be purified by dissolving it in a 
solution of sodium carbonate and re-precipitating with hydrochloric 
acid. 

The following acids have been obtained by this method : — Para- 
bromobenzoic acid, 2 : 4-dibromobeuzoic acid, 2 : 6-dibromobenzoic 
acid, 2:4: 6-trichlorobenzoic acid. 

The yield of acid is very good and the method would appear to be 
of special use for the hydrolysis of nitriles containing nitro-gronps 
and of diortho-substitated nitriles, both of which are difficult to 
hydrolyse by the other methods. 


• This large excess of sulphuric acid is necessary, as, otherwise, part of the acid 
amide separates out on cooling. 
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2 : G-JDibromobenzoic acid [GOOH : Br 2 = 1:2:6]. 

As this acid is soluble in cold -water to a considerable extent, it is 
necessary in its preparation to extract tbe sulphuric acid mixture 
with ether, and then shake out with a solution of sodium carbonate. 
When recrystallised from hot water in which it is readily soluble, it 
separates in long needles or short prisms which melt at 146*5°. Olaus 
and Weil give 189° as the melting point, but according to a recent 
communication, Olaus makes it 146°. The acid is readily soluble 
in ether, alcohol, chloroform and hot water. Although its melting 
point is so much above 100°, the acid melts when heated with water, 
and also separates out as an oil from its hot concentrated aqueous 
solutions. The following were the results of analyses : — 


Theory. Found. 

C 30*00 per cent. 30*13 per cent. 

H 1*43 „ 1*66 

Br 57*14 „ 56*90 and 57*03 


2 : 6’Dibromobenzamide , CeHgBr^CONHa- — This compound was ob- 
tained as an intermediate product in the preparation of the acid from 
the nitrile. It crystallises from hot water, in hard prismatic needles 
which melt at 192°. 

Theory. Found. 

H .......... 5*01 per cent. 5*02 per cent. 

This amide is characterised by its great stability towards hydro- 
lysing agents. When heated with excess of 80 per cent, sulphuric 
acid at 170° for several hours in a sealed tube, not a trace of tho acid 
was formed, and the amide was recovered unaltered. 

2 : ^Bibromobenzamide, C 6 H 3 BiyCOhrH;j. 

This compound prepared from the nitrile and also from the acid 
chloride is much less soluble in hot water than the diortho-compound. 
It crystallises from hot dilute alcohol in long needles which melt at 
195°, and are only slightly soluble in ether. 

Theory. Found. 

If 5*01 per cent. 5*21 per cent. 

This amide differs from the 2 : 6-derivative in the readiness with 
which it can be converted into the corresponding acid. When heated 
for six hours at 170° with excess of 80 per cent, sulphuric acid, it is 
entirely converted into the 2 : 4-dibrom-acid, whereas the diortho- 
amide gives no trace of acid under the same condition. 

The remarkable stability of the diortho-substituted benzoyl chlo- 
rides taken together with the behaviour of 2 : 6-dibromobenzamide 
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towards sulphuric acid suggests the conclusion that diortho-substituted 
benzamides as a rule are very stable and are much more difficult to 
hydrolyse than their isomerides. 

A perusal of the researches of Claus and his pupils («T. pr. Ch&tn., 
1888, [ 2 ], 37 , 197; Annalm, vols. 265 , 266 , 269 , 274 ) on the 
hydx’olysis of various aromatic nitriles shows that this conclusion is 
suppoited by most of their results. Their experiments show that 
whilst most nitriles are hydrolysed to the corresponding acids by 
boiling for several hours with 60 — 70 per cent, sulphuric acid, those 
nitriles in which substitution occurs in the two ortho-positions yield 
the acid amide and not the acid under the same conditions. 

Two important exceptions appear to be the 2 : 6-dichlorobenzonitrile 
and the 2:4: 6-methyl-chloronitrobenzonitrile According to Claus 
and Stavenhagen (Ann., 1892, 269 , 228) the 2 : 6-dichlorobenzonitrile 
is directly converted into the corresponding acid when heated with 
sulpbmic acid in sealed tubes at 150°, and according to Claus and 
Stapelberg (Aim., 1893, 274 , 298) the 2:4: 6-methylchloronitro- 
benzonitrile yields the acid when vigorously boiled for 10 hours with 
60 per cent, sulphuric acid. 

The behaviour of the 2 : 6-dichloronitrile appears remarkable when 
compared with the great stability of the corresponding dibromoben- 
zamide, and it is my intention to quantitatively follow the hydrolysis 
of various bromo- and chloro- substituted benzamides, in order to see 
whether the diortho-compounds are in all cases more difficult to 
hydrolyse than their isomerides. 


LXVI . — Note on the Action, of Sodium Ethoxide on 
Deoxybenzoin . 

By J. J. SUDBOROUGH. 

In attempting to prepare various substituted derivatives of deoxy- 
benzoin, CJB^CO'CHa-CsHs, by heating mixtures of deoxybenzoin with 
sodium ethoxide and various halogen compounds, a quantity of stil- 
bene, C 6 H 5 ’CHICH-C 6 H$, was always obtained as one of the products. 
Farther experiments have shown that deoxybenzoin when heated with 
sodium ethoxide alone at 170°, in sealed tubes, is partially converted 
into stilbene. Five grams of the ketone were heated with the equiva- 
lent quantity of sodium ethoxide at 170° during 3—4 hours. When 
cool, the contents were poured into water, and after the oil which 
was thus thrown down had solidified, it was dissolved in hot alcohol ; 
ou cooling, the stilbene separated in large, glistening, slightly fluores- 
cent plates melting at 125°. * 
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Theory. Found. 

C 93 33 per cent. 93*20 per cent. 

H 6*66 „ 7*14 


From 40 — ’>0 per cent, of the deoxybenzoin was thus obtained as 
stilbene. The mother liquor from the stilbene, when concentrated, 
yielded an oil which solidified on cooling, and melted at about 6U°. 
This, on recrystallisation from hot light petroleum (b. p. 40 — 50°), 
separated in long, glistening, prismatic needles, which melted at 63 c . 
It is readily soluble in ether, alcohol, chloroform, and hot light petro- 
leum. Analysis proved it to be hydros} dibenzyl, 

c 6 h 5 -ch(Ob:)-ch 2 -c 6 H5, 

the so-called stilbene hydrate. 


Theory Found. 

O 84‘84 por cent. 84*91 per cent. 

H 7*07 „ 6*86 


This compound has previously been obtained by Limpricht and 
Schwanert (Annalen, 1870, 155, 62), by the reduction of deoxybenzoin 
with sodium amalgam. It is characterised by the readiness with 
which it loses the elements of water, and is converted into stilbene. 

C 6 H 5 *CH(OH)-CH/C 6 H5 = C fl H 6 -CH:CH-C e H 6 + H>0. 

When distilled under atmospheric pressure, an oil passed over 
between 290° and 310° ; this solidified on cooling, and proved to be 
stilbene itself. The hydroxy-derivative also loses water when heated 
with dilute sulphuric acid. 

From these facts it is evident that the hydroxydibenzyl is first 
produced by the reducing action of the sodium ethoxide, and that this 
is afterwards converted into stilbene by the loss of water. 

Experiments were also made by heating deoxybenzoin with sodium 
methoxide, but uot a trace of stilbene was formed. This is interesting 
when compared with the results obtained by Lobry de Brnyn on the 
action of sodium methoxide and ethoxide on various aromatic nitro- 
derivatives. 

De Brnyn has shown that whilst sodium methoxide merely acts as 
a substituting agent, displacing a nitro- by a methoxy-group, the 
ethoxide under the same circumstances also acts as a reducing agent, 
producing more or less of the corresponding azo-compounds. It 
wonld thus appear that sodium methoxide is much to be preferred to 
the ethoxide if it is desired to prevent reduction taking place. 
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LXYII. — Stereoisomeric Osazones . Part L 

Harry Ingle, Ph.D., B.Sc., and Harold H. Mann, B.Sc. 

According to the theory of nitrogen isomerism proposed by Hantzsch 
and Werner, just as the 1 : 2-dioximes exist in several modifications, 
so also shonld the 1 : 2-dihydrazones or osazones show a similar iso- 
merism. Anschiitz and Pauly ( Ber , 1895, 28 , 64) have, in fact, quite 
recently succeeded in preparing the three theoretically possible forms 
of the osazone of dihydroxy tartaric acid. With this exception, how- 
ever, all attempts to obtain the various modifications of these sub- 
stances have proved futile, the methods invariably leading to one and 
the same dihydrazone. 

The osazone of benzile, being one of the easiest to prepare, has been 
the object of attack by several chemists. Auwers and his scholars 
(Ber., 26 , 788; 27 , 1133), especially, have tried to obtain such 
stereoisomerides by the use of substituted hydrazines, and Smith and 
Hansom (Amer. Ohem. J., 1894, 16, 115) have heated the stereoisomeric 
hydrazones of benzoin with phenylhydrazine in acetic acid solution. 
In all cases, however, only one modification could be isolated. 

In continuation of an investigation on the derivatives of tetrazole, 
we had occasion to study the action of iodine on a mixture of sodium 
ethoxide and benzalphenylhydrazone. The fact that alkylogens enter 
into reaction with the sodium derivative of this last-named compound 
was first noticed by B. Philips ( Ber 1887, 20, 2485), but the substi- 
tution of sodium alcoholates for sodium in similar reactions was first 
made by Landsberg (vide Japp and Klingemann, Trans., 1888, 
53, 519). The application of Landsberg’s modification of Philip’s 
method to benzalphenylhydrazone does not appear to have been 
studied. 

By the interaction of an ethereal solution of iodine with a mixture 
of sodium ethoxide and benzalphenylhydrazone, also dissolved in 
ether, and all in molecular proportion, the formation of a cora- 

pound, q ^ -itarCH'C H ’ waS *° expected. On carrying out the 

experiment we found that two well-defined crystalline substances 
were formed, melting at 208° and 186° respectively, the former in 
much the larger quantity. On analysis it was found that both had 
the formula (CiaHnbT*)*. 

At this point it came to onr knowledge that v. Pechmann (Per., 
1893, 26, 1045) had obtained a compound of the same composition by 
direct oxidation of benzalphenylhydrazone with amylic nitrite. The 
same substance had previously been obtained by Minunni (Gazzetta> 
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1892, 22, ii, 217), using mercuric oxide as tlie oxidising agent.* 
v. Peclimann assigned the constitutional formula above suggested to 
this compound, and named it dibenzaldiph eny ihydrotetrazone ( Ber ., 
1894, 27, 2920). On repeating the experiments of these two chemists, 
we found that in both cases the same substance was formed, and that it 
was identical with the compound melting at 186°, previously obtained 
by the action of iodine on sodium benzalphenylhydrazone. 

Thinking that the other substance, melting at 208°, might be 
obtained by the action of alkali on the hydrotetrazone first prodnced, 
we heated the latter, dissolved m benzene, with alcoholic potash, and 
found, to our surprise, that the compound produced was not the one 
melting at 208°, but that it melted at 225°, and was in every respect 
identical with benzileosazone. An intramolecular change has then 
occurred, 

c 6 H 5 -hr-]N:cH-c 6 H5 c 6 h 5 -nh-n:c-c 6 h 5 

C 6 H 5 -]sr-]Sr:0H-0 6 H 5 CeH 5 -NH-ljfK)-0 6 H 5 ’ 

similar to that which takes place when hydrazobenzene is treated 
with acids, 

CeH/STE CsH 4 -17H 3 

c„h 5 -nh "* 6,mh s ’ 

nitrogen linkage giving place to that of carbon. 

Just as the reanangement in the latter case may he viewed as being 
occasioned by the acid inducing the formation of basic molecules, so 
in the present instance the presence of alkali determines the formation 
of acidic imido-groups. 

v. Peclimann found that on heating the hydrotetrazone with phenyl- 
hydrazine, it suffered reduction to the original benzaipheuylhyrazone 
(loc. cit) ; we repeated his experiment with the same result, and it 
appeared of interest to examine the behaviour towards this reagent 
of the isomeric substance melting at 208° ; it was found that partial 
decomposition took place, and benzileosazone, molting at 225° was 
formed. According to v. Pechmann, osotetrazones when heated with 
phenylhydrazine are reduced to the corresponding osazones : 

R-ST-NiC-R R-JNH-NTIC’R 

E-]sr-]sr:6-E, r-nh-n:6-r ' 

The substance under consideration showed, however, none of the 
reactions of osotetrazones, and the fact that it is very readily oxidised 
indicates the presence of oxidisable hydrogen. 

* v. Pechmann gives 190° as the melting point of this substance; Minunni 180®, 
The former also repeated Mmunni’s experiments, and corrects the melting point 
given by him. TTe, however, have not found a higher value than 186° for the 
substance prepared by any of the three methods. 
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In order, however, to eliminate the possibility of a mere reduction 
by the phenylhydrazine, the snbstance alone was dissolved in ethyl 
succinate (b. p. 217°), and heated to boiling; it was found that 
this treatment converted it into benzileosnzone. It would appear, 
especially as the same result was afterwards obtained by heating 
with ethylic benzoate or malonate, and with alcohol at 200°, that 
the solvent did not exert any chemical action, but that we had here one 
of the much sought for stereoisomerides of benzileosazone, which 
we have named a-benzileosazone. 

The preparation of osazones directly from aldehydrazones is not 
new. Japp and Klingemann (Trans., 1888, 53, 519) have already 
prepared a number of them by the simple heating of these com- 
pounds. Under these conditions, the hydrazone loses hydrogen thus 

r-chiet-nhr _ R-CItf-NHR 

R-CHrrr-WHR ~ R-iijr-NHR + ** 

and the dibydrazone of a 1 : 2-diketone is formed. The substances 
thus obtained do not appear to have differed from those formed by 
direct condensation of the ketone with hydrazine. 


As a means of determining the configuration of the two osazones, 
we had recourse to the method employed by Hantzsch and Werner, 
and by Beckmann, in the case of the stereoisomeric oximes. The iso- 
merides, when treated with such agents as sulphuric acid and 
phosphorus pentachloride, pentoxide, pentasulphide or oxychloride, 
gave different products, and from a study of these they were led to 
assign definite space configurations to them. 

Of the Three compounds derived from benzile, for example, the 
a and 7 varieties gave substances whose formation could only be ex- 
plained by tbe severance of the Jcetmic carbon linking, whilst in the 
case of the /J-dioxime this linking remained intact in all the products. 
The 7-compound yielded benzoylphenylurea, and from experience 
with the monoximes, the amp/u- con figuration was assigned to this 
variety. The change was thus represented 

C 6 H*£ £-C 6 H 5 CaH^-OH _ C 6 H 5 -CO 

:N«OHhK>H irH-oo 

N-O e H s nh-o 8 h; 


A 


The a- variety gave a compound of the formula C 6 H 5 ’ 

GJ3L& 

dibenzenylazoxime (Gunther, Annalen, 1889, 252, 44), and since it 
also readily yields an anhydride, the syw-configuration was assigned 
to it. The change wonld be represented as follows. 
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CcHs-O C-CeHo C 6 H 5 -C*OpTOHN 

N-OH OHN N C*CflH 0 


O 

N — OC 6 H 5 


Thirdly, the /^-modification gave oxanilide, and may therefore be 
considered to possess the a^i-confignration. The reaction may be 
formulated thns 


CeEkC-fj-CeHs OH^-C-OH _ OC— C-0 

OH-IN N-OH OeHs-lST N-C 6 H 5 C g H 5 -HN 2srH-CeH 5 ’ 


Seeing then that so much information is obtained by the use of 
these reagents with the dioximes, we determined to study the 
behaviour of the two benzileosazones towards concentrated sulphuric 
acid. Each of the osazones after treatment with the cold acid was 
mixed with water, and the product distilled with steam. Under 
these conditions the /3-modification gave large quantities of benzile, 
and traces of a substance melting at 115° and crystallising in four- 
sided flat acute rhombic plates, the nature of which was not deter- 
mined- The a-variety, on the other hand gave large quantities of 
benzaldehyde, benzile, and triphenylosotriazole (m. p. 120 — 121°) 


O^-OzrN 
C 8 HVCzrIr C#Hs ' 


On rendering the residue m the flask strongly alkaline with caustic 
potash and again distilling in steam, ammonia, aniline, and some 
phenylhydrazine were obtained from both modifications. 

The production of benzaldehyde from the et-osazone can only be 
explained by severance of the ketonic carbon linking, and would 
therefore correspond to the behaviour of the syn- and dioximes 

already cited ; the 0- variety, yielding no benzaldehyde or allied com- 
pound, would be analogous to the <mfo-dioxime. 

The formation of triphenylosotiiazole corresponds exactly with 
that of an anhydride by the S7/7i-dioxirae, and it seems extremely pro- 
bable that the anilido-groups are nearer m space in this case than m 
the 0-compound. 

A uwers and V. Meyer have prepared this osotriazole from ordinal y 
or 0-benzileosazone by dry distillation or by heating with alcohol at 
210°. The stability of the molecule at the temperature necessary to 
bring about these reactions, is greatly decreased, and this change can- 
not therefore be used as an argument in favour of the ^^-configuration 
ot the ordinary osazone. The action of sulphuric acid is very different. 
Here the temperature at which the change takes place is one at which 
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both osazones are stable and under these conditions the normal or 
^-osazone, as already stated, does not yield this osotriazole whereas 
the a-osazone does. 

Anschutz and Pauly (Joe. dt.') as already mentioned, have recently 
prepared the stereoisomerides of dihydroxytartaric acid osazone, and 
on comparing the melting points of these with those of the two 
benzileosazones a remarkable agreement is noticed. 

O&azones of 

diliydroxytartavic acid. Benzileosazones. 

fit-variety 120—121° 0. 207—208° C. 

ft - variety (most stable) 136 — 137 „ 225° G. 

7-vanety 173 — 175 „ — 


The difference between the melting points of the fit and p 
varieties in the case of the osazones of dihydroxytartaric acid is 16°, 
and in that of the benzileosazones it is 17°. In each case, the form of 
the higher melting point is the most stable. 

A similar agreement among the monhydrazones and oximes of 
benzoin has been noticed by Smith and Ransom (Zoc. cit.). 

Of the three isomerides prepared by Anschutz and Pauly, the a-com- 
pound is attacked by oxidising agents with the formation of a dark 
violet osotetrazone, while the ft- and 7-modifications are unaffected. 
Thns, since the ^-compound most easily yields a ring, it is probably 
a syn- osazone. Of the stereoisomerides oE benzileosazone, the 
^-modification is the more readily oxidisahle, yielding, for example, 
a dark red coloration with potassium dichromate in acetic acid 
solution ; the /S-osazone does not yield this coloration. The oxidation 
products are still under examination. 

Pinally, therefore, the constitution of the two osazones, as based 
on the arguments we have adduced would ho represented by the 
following formulfe. 




K-HH-M, 0.H.-BH-H 

a-Benzileosazone, 
or benzile-sy»-osazone, 
in. p. 208° C. 


-c-c„H 5 


O b H»-C— 0-C,H 3 

c.h 3 -nh-n n-nh-c„h 5 

^-Benzileosazone, 
or benzile-aufr -osazone, 
m. p. 225° C. 


Experimental. 

Action of Iodine and Sodium JEJthoxide on Benzalphenylhydrazone. 

Ten grams of benzalphenylhydrazone were dissolved in ether, to this 
a solution of 1 vt grams of sodium in 20 c.c. of alcohol was added, 
and an ethereal solution of 6*5 grams of iodine gradually run in, the 
mixture being shaken from time to time; sodium iodide at once 
separated, and the liquid became intensely red. On adding water, 
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tile sodium iodide dissolved, and tlie last traces of iodine were removed 
by shaking with sodium sulphite solution. On evaporating the ether, 
a brownish-red, somewhat resinous residue remained, which left a 
bright yellow crystalline substance on treatment with alcohol ; this, 
after purification by washing with hot alcohol, weighed 1*6 grams. 
The crystalline substance on boiling with ethylic acetate was separated 
into two portions, one soluble, a-benzileosazone, the other a canary- 
yellow insoluble powder identical with v. Pechmann’s aibenzaldi- 
phenylhydrotetrazone ( loc . eft.); on recrystallisation from benzene, 
the latter formed silky needles melting at 186°. The air-dried 
substance was analysed. 

0'2115 gave 27’4 c.c. moist nitrogen at 15° and 732 mm. JN = 14 8. 

Calculated for C 2 6 H 22 N 4 . N = 14*36 per cent. 

It is very insoluble in almost all solvents, and dissolves but 
sparingly in hot benzene and chloroform. With sulphuric acid, it 
gives a characteristic blue coloration, and on heating with phenyl- 
hydrazine it is reduced to the original benzalphenylhydrazone. 

Action of Alcoholic Potash on Dibenzaldiphenylhydrotetrazone . 

The kydrotetrazone (0*5 gram) was dissolved in benzene, and 
caustic potash (1*5 grams) in alcoholic solution added ; a precipitate 
formed at first, but on heating it dissolved and a dark brown liquid 
was obtained. After boiling for half-an-hour, using a reflux condenser, 
alcohol was added and the crystals which separated were collected 
and recrystallised from a mixture of benzene and alcohol. They 
melted at 224 — 225° and showed all the properties of ^-benzileosazone. 
On analysis, they gave the following numbers. 

0*156 gave 0*4560 C0 2 and 0*0805 H 2 0. C = 79*72 ; H = 5*73. 

Calculated for CmHmNi. C = 80*00 ; H = 5*64 per cent. 

a-Benzileosazone. That portion of the substance obtained by the 
action of sodium ethoxide and iodine on benzalphenylhydrazone, which 
is soluble in ethylic acetate, and which forms the bulk of the product, 
separates from the concentrated solution in small prismatic yellow 
crystals melting at 206°. When purified by recrystallisation from a 
mixture of benzene and alcohol, it forms yellow prismatic needles, 
melting and decomposing at 208°. On analysis, it gave numbers 
agreeing with those required for benzileosazone. The substance was 
dried in a vacuum. 

0*1196 gave 15*5 c.c. moist nitrogen at 15*5° and 731 mm. 2ST = 14*56 
0*1330 gave 0 3915 C0 8 and 0*0660 H 2 0. C = 80*25 ; H = 5*51. 
Calculated for CgsE^N*. 0=80*00 ; H = 5*64; N = 14*36 per cent. 

It is praictically insoluble in alcohol, but dissolves slightly in ether 
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and more easily in acetone, ethylic acetate, chloroform and benzene. 
A determination of the molecular weight was made in benzene 
solution by B-aoult’s method, and gave the following numbers. 

Weight of substance taken ... = 0 2425 gram. 

Weight of benzene taken = 13 6595 grams. 

Depression of freezing point . . =0 21°. 

Calculated for Found. 

Molecular weight 390 414 

It undergoes no change when heated with dilute acids, the residue 
melting as before at 208°, but with concentrated sulphuric acid a 
wine red coloration is produced identical in shade with that produced 
from /J-benzileosazone ; this changes to green on adding a drop of 
ferric chloride, or potassium dichromate solution. If water be added 
to the sulphuric acid solution, a strong smell of benzaldehyde is pro- 
duced, and the colour changes to yellowish-brown. 

Ti ans forma Hon of cc-Benzileosazone into the p~ modification . 

1. — By means of phenylhydrazine . — 0 5 gram of the a-osazone was 
heated for an hour with excess of phenylhydrazine in a tube provided 
with a reflux condenser. On cooling the orange-red liquid, and add- 
ing acetic acid and water, a substance separated which was practically 
insoluble in alcohol; it was purified by repeated washing on the 
filter with this liquid, and by twice recrystallising from a mixture of 
chloroform and alcohol. It then melted at 224° and showed all the 
properties of the yS-osazone. 

2. — By ethylic succinate . — 1 gram of a-benzileosazone was heated 
with 4 grams of ethylic succinate (b. p. 217°) to the boiling point 
of the mixture. The osazone dissolved, and the liquid darkened in 
colour until it became a deep brown. After five minutes, the action 
was complete ; the flame was then removed, alcohol added, and the 
precipitate recrystallised from benzene and alcohol. A substance 
melting at 224 — 225° was thus obtained, the yield being 50 per cent, 
on the a-osazone used. On analysis the product gave the following 
numbers : 

0'1550 gave 0-4545 CO* and 0-084 H a O. 0 = 79 98 ; H = 6*02. 
0-1350 gave 0*3970 OO a and 0*0745 H*0. C = 80 20 ; H = 6*13. 

Calculated for 0 = 80’00 ; H = 5 64. 

It has, in addition, all the properties of /3-benzileosazone. 

3. — /J-benzileosazone is similarly produced on heating the a-com- 
pouad dissolved in ethylic benzoate (b. p. = 211°) or ethylic malo- 
nate (b. p. = 195°). Since it is obtained in the latter case, it would 
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appear that the change may he brought about at a temperature below 
but near fco the melting point of the a-osazone. 

4. — By heating with alcohol at 200°. 1 gram of the a-osazone was 

heated in a sealed tube with 20 c.c. of absolute alcohol at a tempera- 
ture from 180° to 205° for two to three hours. The clear orange- 
coloured liquid contained long needles of the ^-osazone and on open- 
ing the tube a smell of beuzaldehyde was noticed, as well as the 
presence of alkaline vapour. A partial decomposition of the osazone 
has, therefore, taken place. The crystals proved to be the ^-osazone 
melting at 225°. 

Belatice Properties of the two Osazones . 

1. — Salabilities . — Since there is a very great difference in the solu- 
bilities of the stereoisomeric osazones described by Anschutz and 
Pauly ( loc . eit.) it was of interest to examine the two osazones with 
respect to this property. For this purpose, acetone was chosen as 
the solvent, and the two isomerides were found to give small though 
definite differences in their solubility in this liquid. 

a-Benzileosazone. — 1*699 grams of the acetone solution at 18 — 19 J 
left on evaporation 0*0275 gram of the osazone ; hence 100 parts of 
acetone dissolve 1*65 parts of the a-compound. 

y3-Benzileosazone. — 2*4165 grams of the acetone solution at 18 — 19° 
left on evaporation 0*0565 gram of the solid ; hence 100 parts of 
acetone dissolve 2*4 parts of the compound. 

The solubility of the two substances in ether was likewise shown to 
differ to a small extent. 

2. — Behaviour towards Oxidising Agents. — When dissolved in acetic 
acid and treated with potassium dichromate solution, the a-osazone 
instantaneously gives a dark red coloration ; this quickly disappears, 
and on the addition of more dichromate the liquid assumes an orange- 
red colour. The ^-osazone does not yield the initial red colour when 
treated in this way but, after standing, acquires a similar orange-red 
tint. On carrying out the oxidatiou in ethereal solution with potas- 
sium permanganate and hydrochloric acid (see Anschutz and Pauly, 
loc . cit) 9 a dark red solid was obtained from tbe a osazone, but it 
could not be crystallised. 

v. Pechmann has proposed amylic nitrate as an ozidising agent 
for imido-hydrogen groups, and it was hoped by this means to 
obtain an osotetrazone from tbe a-osazone. For this pnrpose, the 
a. osazone was dissolved in benzene, and treated with excess of this 
oxidising agent. As each drop of the nitrite touched the liquid, a 
bright red coloration was produced which immediately disappeared, but 
on boiling the mixture, the colour returned. After heating for half 
an hour, a precipitate had formed in the liquid, and this was removed 

2 t 2 
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by filtration and crystallised from alcohol. It did not melt below 
250°, but since it gave Liebermann’s reaction with phenol and 
sulphuric acid it is probably a nitrosamine ; the quantity obtained 
was too small to admit of further examination. The resinous residue 
left on evaporating the filtrate was extracted with light petroleum, 
and this, on evaporation, yielded a dark red resin, which, although 
it was not obtained in a crystalline form, gave /?-benzileosazo n e on 
heating with excess of phenylhydrazine, so that it is probably an 
osotetrazone. 

"When /J-benzileosazone is subjected to similar treatment with 
amylic nitrite, it does not yield a dark red, but rather an orange- 
yellow solution, and appears to suffer decomposition. We were 
unable to obtain either the nitrosamine, or a resin similar to that 
above-mentioned. 

We hope 1o be able to repeat these oxidation experiments with 
larger quantities of the substances. 

3. — J Behaviour towards Sulphuric Acid. — (a.) ai-osazone, m. p. 208°. — 
1 gram of the finely powdered substance, placed in a small round- 
bottomed flask, v as well shaken with 10 c.c. of concentrated sulpharic 
acid ; after half an hour, 100 c c. of water was run in, when the 
original wine red colour immediately changed to a dull brick red. 
The contents of the flask were now distilled in a brisk current of 
steam, the concentration of the liquid being kept approximately 
constant; the distillation was continued for five hours and large 
amounts of benzile (m. p. 93 — 94°) passed over together with benzal- 
dehyde. On making the contents of the flask alkaline, and again 
distilling in steam, ammonia, aniline, traces of phenylhydrazine and 
of an isonitrile were detected. 

The experiment was repeated with 2 grams of the a-osazone, but 
this time the flask was allowed to stand only 10 minutes before the 
addition of the water, and further, towards the end of the experi- 
ment, the concentration was allowed to increase. Under these 
conditions white shining hexagonal plates were deposited in the 
condenser ; they crystallised from alcohol in nacreous laminae, melting 
at 120 — 121°, and showing all the properties of triphenylosotriazole 
(Auwers and Y. Aleyer, loc. cit .) ; the other products before-mentioned 
were likewise formed. 

(b.) p-esazone, m. p. 225°. — One gram of the finely powdered sub- 
stance was treated exactly as the first portion in (a). In this case, 
the distillate contained no trace of benzaldehyde, but benzile was 
formed in large quantity. On rendering alkaline and again distilling 
in steam, ammonia, aniline, and traces of phenylhydrazine were found 
in the distillate- 

If the experiment be varied by allowing the substance to stand 
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only 10 minutes with, tlie concentrated acid, and also gradually concen- 
trating the liquid daring the distillation, another product was formed 
in addition to the above. Towards the end of the operation, a white 
crystalline substance was deposited in very small quantity in the 
condenser; this crystallised from alcohol in flat rhombic plates, and 
melted at 115°. It was soluble in ether, bub insoluble in alkalis, 
acids, and water, and differs both in melting point, crystalline form, 
and solubility from the triphenylosotriazole obtained with the 
isomeric substance. The quantity, however, was too small for 
further examination. 

These experiments with the two osazones were several times 
repeated, and under the above conditions the same characteristic 
substances were always formed. 

Oxidation of Benzaljphenylhydrazone by Am flic Nitrite . — As men- 
tioned in the introduction, v. Pechmann obtained dibenzaldiphenyl- 
hydrotetrazone by oxidising benzalphenylhydrazone with amylic 
nitrite in ethereal or light petroleum solution. On repeating his 
experiments, we obtained somewhat different results and an account 
of them will perhaps be of interest. Pive grams of benzalphenyl- 
hydrazone was dissolved in ether, and about 5 grams of amylic 
nitrite added to the solution ; the mixture, heated on the water bath, 
gave an orange-yellow solution at first, but on further heating this 
darkened and deposited yellow crystals. After six hours, these were 
collected and washed with ether and alcohol ; the yield of dibenzaldi- 
phenylhydrotetrazone (m. p. 185 — 186°) thus obtained was about 
0*8 gram. 

The filtrate from the crystals was concentrated by evaporation, 
treated with alcohol and filtered. On the filter there remained about 
0-8 gram of a yellow crystalline substance which, after recrystallisa- 
tion from a mixture of alcohol and benzene, melted at 202°. An 
analysis gave the following results. 

0*154 gave 0*4e505 CO a and 0*076 H a O. C = 79*79 ; H = 5*49. 

It is more soluble in alcohol than the o-osazone, and gives benzal- 
dehyde on boiling with dilute acids, and a bine-green coloration on 
treatment with concentrated sulphnric acid It does not appear to 
be changed by heating with alcoholic potash or with ethylic 
succinate, but phenylhydrazine. on boiling, reduces it to benzal- 
phenylbydrazone. On treatment in acetic acid solution with potas- 
sium dichromate, a claret colour which rapidly darkens is produced. 
This would seem to indicate the presence of oxidisable hydrogen. 

The constitution of this substance is not yet absolutely determined, 
but from this summary of its properties it appeal's not to be 
identical either with the a-osazone, or with dibenzaldiphenylhydro- 
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tetrazone. Its behaviour corresponds more nearly with the consti- 

. .. ...... , c,h s -nH'N:c-c»h, 

tution represented by the formula ^ ^ .CH‘N *1^*0 H * 

We are at present engaged in a further study of the whole subject, 
and hope to be able to extend the reactions described in this paper 
to other aldehydrazones. 


Chemical Department , 

Yorkshire College , Leeds . 


LXVIII . — Preparation of the Active Lactic Acids and 
the Rotation of their Metallic Salts in Solution. 

By T. Purdie, Ph.D., B.Sc., and J. Wallace Walker, M.A. 

In his recently published work, Die Lagerung der Atoms im Raumr, 
van’t Hoff has emphasised the value of determinations of the mole- 
cular rotations of the salts of active acids in solutions of varying 
concentration. Their importance, as he points out, lies in the fact 
that only thus can comparable values be obtained for the rotations of 
the different optically active acids of a series. With the exception* 
however, of the derivatives of amjlsulphuric acid, investigated by 
Carrara and Gennari ( Gaz . Ohim , 1894, 24, ii, 484), and glyceric 
acid by Frankland (Trans., 1893, 63, 296), the substinces examined 
have been of more or less complex constitution; and few, even of 
these, are closely allied to each other. As lactic acid, besides being 
the simplest of its series, is of great interest historically in connec- 
tion with stereo-chemistry, we have endeavoured to me the method 
already described for the preparation of the active acids (Trans., 
1893, 63, 1143) to obtain sufficient material for the examination of 
the salts. We have also determined the depression of the freezing 
points of aqueous solutions of some of these salts, with the double 
object of detecting the existence or non-existence of a racemoid com- 
pound in solution, and of determining, in a rough way, the amount 
of electrolytic dissociation in them. 

We had reason to believe that, by the method referred to, both 
active lactic acids could be procured in quantity with comparative 
ease. In attempting, however, to carry out the process on a larger 
scale, unexpected difficulties were encountered, necessitating certain 
modifications of the method originally .used, and they were in 
fact overcome only after numeroas and somewhat tedious experi- 
ments. A solution of zinc ammonium lactate prepared as described (be. 
e&.) did not yield alternate crops of dextro- and laevo-gyrate double 
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salt with the regularity observed in the experiments on a smaller scale 
bnt often deposited nothing but inactive zinc lactate, whilst in other 
cases it was the inactive racemo'id double salt, or mixtures of the two 
active double salts. The irregularity was evidently due to the change 
in concentration and composition of the solution produced by the 
removal of successive crops of crystals, and when a solution had once 
ceased to yield the active salts, we found it extremely difficult to 
restore the favourable conditions of concentration by adding one or 
other of the constituents. The purification of the crude double salt 
by recrystallisation from ammonia, as formerly described, also proved 
uncertain in its results when the substance contained any consider- 
able proportion of inactive salt. Lastly, we found that the separa- 
tion of active zinc lactate in a state of purity from a mixture 
containing a considerable quantity of racemoid lactate is attended 
with much loss of material in spite of the great difference in solu- 
bility of the two forms ; the tendency exhibited by both of them to 
form supersaturated solutions causes irregularities iu the deposition 
of the crops of crystals, rendering it difficult to carry out a 
systematic fractional crystallisation. Thns, from a mixture contain- 
ing about 75 per cent, of active zinc lactate, the purest fraction 
obtained, after a number of crystallisations, amounted only to about 
a fourth of the active salt originally present, and, from polarimetric 
observations, this still contained several per cent, of racemoid lactate. 
In other instances, where the progress of the purification was observed 
by estimations of the water of crystallisation in successive crops of 
eryst&ls, we found that, after a certain limit of purity was reached, 
the racemoid salt was eliminated very slowly by repeated crystallisa- 
tion. 

Certain modifications of the method of procedure were therefore 
adopted with respect to (1) the production of the active zinc ammonium 
salts, (2) their recrystallisation, and (3) the final purification of these 
salts. 

Production of the Active Zinc Ammonium Lactates . — The researches 
of Wyrouboff, van’t Hoff, and others have clearly established the 
general principle of procedure for the spontaneous resolution of a 
racemoid compound by crystallisation, that the crystallisation, 
namely, must be effected above or below a certain temperature, the 
“ transition point,” according as the mixture of the two active forms 
is the stable form of equilibrium at high or low temperatures. Our 
experiments, so far as they go, indicate that the racemoid compound 
represents the stable system at lower temperatures in the case of zinc 
am moninm lactate. The active zinc ammonium lactates crystallise 
with 2HjO, the racemo'id salt with 3H^0. If the latter is the stable 
form at lower temperatures, a mixture of equal parts of the active 
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salts ought to he converted into the racemoid salt on adding the cal- 
culated quantity of cold water. The results of the following experiment 
indicate that this is probably the case. When 2 grams each of active 
zinc ammonium lactate, of the racemoid salt, and of an intimate mix- 
ture of the two oppositely active salts were exposed for some days in 
a damp atmosphere, the mixture of active salts increased 0*04 gram 
in weight, while the weight of the other two salts remained almost 
unchanged, the conditions being identical ; when the three specimens 
were placed under a bell-jar over moistened filter-paper, the mixture 
underwent a further increase of 0*351 gram, the racemoid salt gained 
0*249 gram, the active salt 0*012 gram, and when they were once 
more exposed to ordinary air, the racemoid and active salts lost the 
water which they had absorbed, whilst the mixture of active salts 
on the other hand, though it became nearly constant in weight after 
some weeks, still retained 0*062 gram of the absorbed water. One 
molecular proportion of water would amount to 0*088 gram. The 
results of the experiment are not absolutely conclusive, as the double 
salts are readily decomposed into their constituent salts by water, 
and the gain in weight may have been due to the formation of 
hydrated inactive zinc lactate; in this case, however, some visible 
quantity of the uncrystallisable ammonium lactate should have been 
left. Experiments on the relative quantities of racemoid and of 
active double salts obtainable from a cold solution of zinc lactate in 
ammonium lactate also indicate that the former is the stable system 
of equilibrium at the ordinary temperature. A supersaturated solu- 
tion was prepared as described in a previous paper ( loc . cit) and 
divided into two equal parts, which were sown respectively with 
nuclei of mixed active and of racemoid salt ; the crystalline deposits 
when air dried weighed respectively 3*5 grams and 24 grams. A 
solution from which the two active forms have been deposited and 
separated by filtration 13 converted quickly into a thick, crystalline 
mass of racemoid salt when a nucleus of the latter is stirred into it. 

Though the mixture of active zinc ammonium salts probably repre- 
sents the stable system of equilibrium at higher temperatures, there is 
a practical difficulty in obtaining the salts from a hot solution, for 
they do not crystallise from such a solution if it contains a large 
excess of ammonium lactate, and, unless there is such an excess, they 
are resolved into ammonium and zinc lactates. We have therefore 
had to crystallise the salts from cold supersaturated solutions pre- 
pared in the manner already described (Joe. city The following 
proportions, however, were found more advantageous than those 
previously used:— Lactic acid syrup (d = 1*21) 1000 c.c., zinc lac- 
tate 560 grams, volume of solution 2000 c.c. As a solution of this 
degree of dilution is very prone to deposit inactive zinc lactate, every 
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precaution must be taken to avoid the introduction of nuclei of this 
salt ; the solution should therefore be boiled till the last traces of 
zinc lactate are dissolved, and poured while hot into a clean vessel. 
The solution having been rapidly cooled, and some of the finely 
powdered, pure active zinc ammonium lactate added, it is thoroughly 
stirred without rubbing the sides of the vessel, which is apt to induce 
the crystallisation of inactive zinc lactate, or of the race mold double 
salt. A solution such as that mentioned should yield in 12 to 24 
hours about 100 grams of active salt. The deposit is separated from 
the mother liquor with the aid of a filter pump, and is washed with 
alcohol ; the mother liquor is again boiled, 100 grams of zinc lactate 
having been added to it, and enough water to make up the solution 
to its original volume, and the crystallisation of the oppositely active 
salt is then induced by thoroughly stirring in some of the proper 
nucleus. 

The successful alternate crystallisation of dextrogyrate and laevo- 
gyrate salt depends on maintaining the solution in a suitable state of 
concentration. If the constituents are present in proper proportion, 
the nuclei which are added form threads of microscopic crystals as 
they slowly sink in the syrup, and the solution becomes turbid in tbe 
course of two or three horn's. In the course of 12 to 24 hours the 
crystalline crop should have subsided as a thick, heavy sludge, from 
which most of the syrup can be poured off. The production of in- 
active zinc lactate instead of the active double salt, which is readily 
detected witli the aid of the microscope, is an indication of an excess 
of water ; the solution in this case must be again boiled and concen- 
trated slightly by evaporation. Should the solution on the other 
hand fail to crystallise in 12 to 24 hours, which indicates an in- 
sufficiency of water, no purpose is served by leaving it longer, as 
after that time the crystallisation of the racemoid double salt sets 
in ; in this case therefore the solution must be again boiled after a 
little water has been added. Failure to crystallise after dilution 
indicates an insufficiency of zinc lactate. Even when the crystallisa- 
tion of the active double salt is proceeding satisfactorily, no advan- 
tage is gained by leaving the process to go on longer than tbe time 
indicated, for altbongk a larger deposit will be obtained, the sub- 
stance will usually be much less optically active, sometimes indeed 
almost inactive, the inactivity being due in this instance to the 
deposition of the two active forms. We have tad frequent occasion 
to notice that, though the first deposit of salt is invariably active in 
the same sense as tbe nucleus used, this crystallisation is followed by 
that of the oppositely active isomeride. A line of demarcation can in 
fact sometimes be seen in the deposit separating the two layers of 
the oppositely active salts. 
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As an example of a successful series of crystallisations, we may 
give that of a solution of the size and strength already quoted, which 
yielded in 32 crystallisations 610 grams of dextro- and 612 grams of 
lsevogyrate salt, containing, on an average, as determined by the 
polarimeter, about 90 per cent, of active substance, and, not unfre- 
quently, equally active crops of over 200 grams were obtained at a 
single crystallisation. After some practice in carrying out the 
process, these optically active salts can, in fact, he procured with 
great ease in any quantity that may be desired. 

Recrystallisation of the Active Zinc Ammonium Lactates . 

Though the crude active zinc ammonium lactate is frequently pro- 
duced in a state approaching purity, many of the crops contain much 
racemoid salt, which must be, for the most pait, eliminated before 
the double salt is converted into zinc lactate. Of various methods of 
purification, we find that the following gave the best results : — If the 
salt is feebly active, an 8 per cent, solution, giving a rotation, say, of 
20 minutes in a 200 mm. tube, it is shaken for a few minutes with so 
much cold water as would be required to form an 8 per cent, solution of 
the active salt present, and the inactive zinc lactate which is thus pro- 
duced is quickly separated by filtration. The filtrate, as it contains an 
excess of active ammonium lactate, readily yields the active crystalline 
double salt, when a nucleus is added to the residual syrup obtained 
by evaporation ; 30 to 50 per cent, of the active salt originally present 
may he thus recovered, the activity of which will have increased to 
over 50 minutes. If the crude double salt shows an activity of about 
50 minutes under the conditions mentioned above, it may be crystal- 
lised as formerly described from dilute ammonia; if the solution, 
after being sufficiently evaporated, is cooled with ice and stirred with 
a nucleus of the proper kind, the salt separates at once as a crystalline 
sludge, which will be found to be an approximately pure salt (rotation 
about 55 minutes at 10°) ; the mother liquor is used for crystallising 
successive similar crops of crude double salt until, owing to tho inactive 
substance having accumulated in the solution, the activity of the 
recrystallised salt begins to fall. In the case of zinc ammonium salt 
of intermediate activity, giving a rotation of from 30 minutes to 
50 minutes under the conditions mentioned, we find that crystallisa- 
tion from ammonia does not give very satisfactory results owing to 
the deposition of a basic inactive zinc ammonium lactate ; neither in 
this case can the method already mentioned as applicable to more 
feebly .active crops be conveniently employed, as, on treatment with 
water, active zinc laetate may separate with the inactive zinc salt ; 
crystallisation from ammonium lactate solution, on the other hand, 
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yields excellent results. The requisite solution is obtained by decom- 
posing some of the salt with solution of ammonium carbonate and 
evaporating the filtered solution until it is no longer alkaline. This 
mother liquor is used for recry stalling successive crops of crude 
double salt; the crystallisation is best effected rapidly from the 
supersaturated solution as already described in the case of crystallisa- 
tion from ammonia, the salt in this case also being obtained nearly 
pure. 

The zinc ammonium salts prepared by the above methods are 
sufficiently pure to dissolve readily in three or four times their weight 
of cold water without leaving any residue of undissolved inactive 
zinc lactate, and their analyses give results which accord with the 
formula already assigned to the substance, C 9 H 15 0 9 Z n (IsTH*) , 2H 2 0 . 
Thus the estimations of water by loss of weight in a vacuum, and of 
zinc and ammonium in a specimen of the salt which gave the polari- 
metric reading, +56 minutes, under the conditions mentioned above, 
were respectively 9*34, 16*96, and 4*88 per cent., the corresponding 
calculated numbers being 9*32, 16*93, and 4*66 per cent. 

It has been previously shown tbat tbe specific rotation of solutions 
of the zinc ammonium lactates rises with dilution. The specific 
rotations of different specimens at the same concentration, quoted in 
previous papers, were, however, uot very concordant, and we encoun- 
tered similar variations in the course of the present investigation. 
We now find that these discrepancies were due to the fact that the 
specific rotation of the salt increases very considerably with rise of 
temperature. As no account was taken of temperature in our former 
observations, we quote the following determinations of specific rota- 
tion, made on a specimen prepared from pure zinc lactate : c = 8*002, 
l = 400 mm., a at 2° = -1*74°, a at 14° is -1*87°, hence [a] D at 2 C 
= —5*44°, [a] D at 14° = —5*84°. The specific rotations 6*06° and 
6*44°, quoted in previous papers, were taken at summer tempera- 
tures ; we have reason, however, to believe that the second of these 
two observations is too high. 


Production of Pure Active Zinc Lactates . 

Inasmuch as the active zinc ammonium lactates crystallise 
together as a mixture from ammonium lactate solution, and may 
possibly crystallise similarly even from ammonia solution, we have 
found it necessary, in spite of the correspondence of the results of 
their analysis with the calculated composition, to convert them into 
the well characterised zinc salts iu order to be assured of the com- 
plete purity of our material. The contamination of active salt with 
even a small quantity of a mixture of the oppositely active forms can 



622 


PURDIE AND WALKER: PREPARATION OP THE 


in this manner be readily detected ; for, as we have previously shown, 
a mixture of the active zinc lactates, when crystallised from aqueous 
solution, yields racemoid lactate, and the former, as is well known, 
crystallise invariably with 2H„>0, the latter with 3H a O, corresponding 
respectively to 12 88 and 18 16 per cent, of water. The water of 
crystallisation of the zinc salts is the test of purity on which we have 
invariably relied; the lactates being feebly active, polarimetric 
observations alone would not suffice to detect the presence of such an 
admixture of racemoid salt as might produce serious error, in the 
event of the material being afterwards used for the production of 
more active substances 

In a previous* communication (Trans , 1893, 63, 1153), it bas been 
shown by one of ns that the purest specimens of the active zinc 
ammonium lactates obtainable by recrystallisation, yielded active 
zinc lactates so free from racemoid salt that the pure active salts 
could be readily obtained from them by recrystallisation. The salts 
contained the calculated water of crystallisation, and their activity 
agreed with that of zinc sarcolactate as determined by Wislicenus 
( Anmlen , 1873, 167, 332) On carrying out these experiments on a 
larger scale, we failed to obtain the salts with such a high degree of 
activity as formerly ; we fonnd invariably the specific rotation 6*3° 
for both isomerides instead of 6 8°, for the concentration 7*48, and the 
water of crystallisation was always several tenths per cent, too high. 
We were therefore led to a prolonged investigation of different 
methods of obtaining the active zinc lactates from the zinc ammonium 
double salts with the view of eliminating from them the inactive 
racemoid salt with which we supposed them to be contaminated. 
After analysing numerous preparations, we found that the excess in 
water of crystallisation was due, in most cases, to traces of ammonia 
and hygroscopic water, and that, with proper precautions, the active 
salts can he readily obtained so free of racemoid salt as to yield 
results on analysis differing by only one-tenth from the calculated 
percentage of water of crystallisation. The specific rotations, how- 
ever, of the salts, the purity of which was proved by analysis, and by 
the fact that the numeious specimens of both dextrogyrate and lcevo- 
gyrate forms prepared by different methods possessed identical 
activity, were still found to be lower than the values usually assigned 
to them, and previously found by ourselves. As the specimens of 
active zinc lactate referred to bad usually been obtained from a hot 
aqueous solution by evaporation, it seemed possible that the low 
activity might be due to the presence of some mixed oppositely active 
salts produced by the resolution of inactive zinc lactate into its com- 
ponents when crystallised under the conditions mentioned. This 
supposition, however, was negatived by the results of experiments in 
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which inactive zinc lactate was crystallised under precisely similar 
conditions in the presence of nuclei, first of dextrogyrate, and then 
of leevogyrate salt; pure inactive zinc lactate was in each case 
deposited, containing 18*15 and 18*17 per cent, of water, the cal- 
culated percentage being 18*16. 

It was also found that the activity was not altered by partial pre- 
cipitation of the aqueous solution of our specimens of active zinc 
lactate by the addition of alcohol, which it was supposed would 
remove the inactive salt present. A quantity of zinc lactate having 
12*89 per cent, of water of crystallisation and a specific rotation 
— 6*32° (c = 7*18), wa3 dissolved in water, and one-third of the salt 
was then separated by the addition of alcohol. The salt obtained 
from the filtrate contained 12*89 per cent. H 2 0, and showed the 
specific rotation —6*28°, and the precipitated salt when recrystallised 
from water contained 12*99 per cent. H 2 0, and showed the specific 
rotation —6 35°. We discovered at length that the discrepancy was 
due to the fact, which, so far as we know, has not yet been noticed, 
that the specific rotation of zinc lactate varies to a marked degree 
with temperature. Our former observations, and no doubt also those 
of Wislicenus — though no temperature is quoted by him — were taken 
in summer time, whilst those which gave the low results were all 
taken during winter at about 10°. The instrument at our disposal 
not being furnished with a water-jacket did not admit of our taking 
accurate observations at varying temperatures, but we satisfied our- 
selves that the specific rotation of the salt increases with i*ise of 
temperature, and that the variation is considerable within the ordinary 
range of the temperature of the atmosphere. To assure ourselves of 
the purity of our preparations we prepared zinc sarcolactate from 
extract of meat by Wislicenus’ method, and found that under the 
same conditions of temperature it had the same specific rotation as 
the purest zinc lactate procured by our method, namely, —629°, at 
the concentration 7*48. As already stated, however, the water of 
crystallisation is the test of purity to which we have attached most 
importance. In the following description of the preparation of the 
pure zinc lactates, the specific rotations which are quoted refer to the 
concentration just mentioned at about 10° C. In all exact observa- 
tions of specific rotation, a 400-mm. tube was used, and in estimating 
water of crystallisation, in order to insure its maximum value being 
found, the salt was heated till quite constant at 115 — 120°, instead of 
at 105° as has been previously done, about 2 grams of air-dried salt 
being used for each estimation. The following were the methods 
chiefly used for obtaining the active zinc lactates from the active 
double salts, with examples of the results obtained : — 

First Method . — Crude double salt (a = 45', when c = 8 and l = 2) 
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was treated with so much cold water that active zinc lactate was 
retained in solution and inactive zinc lactate precipitated ; the filtered 
solution being 1 sufficiently evaporated yielded active zinc lactate which, 
on recrystallisation from a hot solution, was obtained in large, glassy 
crystals. Results of analysis : found, H^O = 13*04, Zn = 23*38 per 
cent. ; calculated, 12*88 and 23 41 per cent. ; specific rotation, H- 6 45 c 
the specific rotation of laevogyrate salt similarly obtained was — 6*35° 
The mother liquors containing much active ammonium lactate can he 
used for recrystallising crude double salt. This method was after- 
wards abandoned as it was found that the active zinc lactate was apt 
to be contaminated with active zinc ammonium lactate. The fol- 
lowing process gave excellent results when fail ly pure zinc ammonium 
salt was employed. 

Second Method . — The finely powdered, rec^ystallized double salt is 
shaken with about times its weight of cold water; if approximately 
pure, it dissolves readily, leaving veiy little residue; but, in the 
couise of a few minutes, owing to the decomposing action of the 
water on the double salt, an abundant deposition of active zinc lactate 
is produced. The solution is filtered rapidly before the precipitation 
occurs, and is allowed to stand some hours. The deposited salt is 
then separated by filtration, slightly washed, and reerystallised from 
water nntil the water of crystallisation is within one-tenth per cent, 
of the calculaied quantity. The salt may be crystallised either by 
evaporating the hot solution, keeping the hard glassy crystals of the 
salt which separate always under the surface of the water, or by 
allowing the hot solution to cool, in which case it is obtained as a 
fine crystalline powder. Two crystallisations are usually necessary 
before a satisfactory result for the water of crystallisation is obtained. 
The following examples may be quoted : 308 grams of laevogyrate 
•zinc ammonium salt, after two crystallisations, yielded 135 grams of 
zinc salt ; 33^0 = 12*98 per cent. [a] D = — 6*28°, the water found, 
after the first crystallisation being 13*29 per cent.; 343 grams of 
dextrogyrate zinc ammonium salt gave similarly 160 grams of dextro- 
gyrate zinc lactate, the loss of weight of which at 130° was 13*07 per 
cent. ; this number, however, was reduced after another crystallisation 
to 12*93 per cent. [a] D = + 6*3°. 

In order to recover the active substance from the mother liquors 
horn which the zinc salts have been precipitated, they are boiled with 
sufficient lime to remove the ammonia and zinc contained in them ; 
the lactic acid, which is obtained from the filtered solution of the 
calcium salt by adding to it the calculated quantity of sulphuric acid, 
filtering and extracting the concentrated filtrate with ether, is con- 
verted into zinc salt, which is then kept in agitation for some hours 
with a quantity of cold water insufficient for complete solution. The 
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filtered liquid on evaporation yields practically pure active zinc 
lactate ; the salt obtained in this manner from the mother liquor of 
the first of the two experiments quoted above gave 12*99 per cent, 
for water of crystallisation, and the specific rotation — 6*2°, and that 
from the second experiment 13*07 per cent. — after recrystallisation 
12*97 per cent, of water. 

By the methods described we have prepared several kilograms of 
the two active zinc lactates, the specific rotations of the different 
preparations agreeing closely with those quoted, and the water of 
crystallisation varying from 12*86 to 12*98 per cent. A large propor- 
tion of the less pure salt remains in the mother liquors, but it can 
be readily recovered from these in a purer state as active zinc ammo- 
nium lactate. 

With regard to the amount of racemoid salt that may be contained 
in the active zinc lactate, an excess of one-tenth per cent, in the water 
of crystallisation corresponds to 1*9 per cent, of the former, but it 
may be pointed out that the estimations of water of crystallisation in 
many specimens did not differ by more than 0*05 per cent, from the 
calculated number, and, moreover, as the salts were in every case 
only air dried, part or probably even the whole of the excess in ques- 
tion may be dne to hygroscopic water. 

Metallic Salts of the Active Lactic Acids . 

Owing to the difficulty of obtaining lactic acid free from anhydride, 
we have confined our observations on optical activity to its salts. 
The only componnds of this class which have been hitherto prepared 
are the sarcolactates of calcium, zinc, and silver, and of these only 
the two former have been examined optically ; in addition to these 
compounds, we have investigated the salts of lithium, sodium, potas- 
sium, strontium, barium, magnesium, and cadmium, and also the zinc 
ammonium salt. We have, however, as a general rule, prepared ouly 
one of the two oppositely active forms in each case. The active acids 
used in the preparation of these salts were procured from the pure 
active zinc lactates by precipitating the zinc with lime, decomposing the 
solution of the calcium salt thus obtained by the addition of the calcu- 
lated quantity of sulphuric acid, and extracting with ether the syrup 
left after filtration and subsequent evaporation. The crystallisable 
salts were in general prepared by warming the aqueous solution of 
the acid with excess of the carbonate of the metal until neutral, and 
evaporating until the salt crystallised out on standing. We append 
our observations on the character and composition of those salts 
which were obtained in the crystalline state. 

Lithium 1-lactate . — The salt crystallised from a thin syrup in 
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pearly scales. Estimations of lithium as sulphate, made on the salt 
which had been dried at 100°, ga. ve 7*26 and 730 per cent., the 
calculated percentage for the anhydrous salt being 7*29. The salt is 
not deliquescent, nevertheless, after being dried by exposure to the 
air during many weeks, it lost 9*21 per cent, of water on being dried 
at 100° ; the calculated percentage for 4H 2 0 is 8 57. 

Calcium d-lactate . — This salt, which was procured from the solution 
resulting from the decomposition of the pure zinc salt with lime, after 
the excess of the latter had been removed with carbonic anhydride, 
was found by a calcium estimation to have the composition assigned 
to it by Wislicenus ; found, 13*40 per cent;. ; calculated for, 

C 6 Hio0 6 Ca ,4 JH 2 0, 

13*38 per cent. 

Strontium 1 -lactate . — The salt crystallised from a thick aqueous syrup 
in opaqne, white masses of microscopic prisms, and from a more dilate 
aqueous solution to which alcohol had been added in larger isolated, 
transparent prisms. Estimations of strontium as sulphate, and of 
water in the salt 'which had been dried at 100°, gave the following 
results : found, Sr 30*78 and 30*74 per cent. ; H 3 0 lost at 125°, 6*34 
per cent. Calculated for C a Hio0 6 Sr,H 3 0 ; Sr, 30*86 per cent. ; H 2 0, 
6*35 per cent. A sample of the salt which had been long dried in 
air, when heated at 100 c , lost 16 92 and 16*95 per cent. ; the calculated 
percentage for 3H 2 0 on the salt CeHjoOaSr^EkO is 16*00. Attempts 
to remove the hygroscopic water indicated by the latter numbers 
were unsuccessful, as the compound loses water of crystallisation 
when placed over sulphuric acid. The air-dried salt therefore contains, 
no doubt, 4 mols. H a O; 1 mol. is retained at 100°, and the salt 
becomes anhydrous at 125°. 

Magnesium d-lactate . — This salt was obtained from a concentrated 
aqueous solution as a crystalline powder. Results of analysis : heated 
at 140°, the air-dried salt lost 23*78 per cent, of water, and contained 
9*44 per cent, of magnesium estimated as oxide ; the corresponding 
numbers calculated for CbH 10 O G Mg,3|H 2 O are 23*74 and 9*19. Tho 
salt, after being dried over sulphuric acid, lost 14*93 per cent, of 
water at 125°, and contained 10*57 per cent, of magnesium, estimated 
as oxide; the calculated numbers for C 8 E 10 O a Mg, 2 H 2 O are 15*10 and 
10*23. The air dried salt therefore contains 3£H 2 0, of which 1^ mols. 
are given off over sulphuric acid, and the remaining 2 at 125°. 

Cadmium d-lactate . — This salt crystallised from its aqueous solution 
in well formed transparent prisms. No satisfactory determination of 
the water of crystallisation was obtained, as some water was still re- 
tained at 190°, and at a somewhat higher temperature the salt decom- 
posed. Estimations of cadmium gave the following results: by 
precipitation as carbonate and conversion into oxide, 34*90 per cent, ; 
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and as sulphate, 35*18 per cent. ; calculated for O 6 H 10 O 6 Cd,l^H 2 O, 
35 33 per cent. 

Silver <i-lactate . — The salt crystallised well from aqueous solutions, 
without undergoing decomposition, in long, transparent prisms, which 
were anhydrous after standing over sulphuric acid. An estimation oi 
silver in the dried salt gave 54*83 per cent, instead of the calculated 
number 54*82. On adding alcohol to the aqueous solution of the salt, 
it is converted into a jelly, which becomes a mass of crystals on 
standing. The alcoholic-aqueous solutions blacken quickly on being 
heated. 

Eor most of our observations on optical activity and depression of 
the freezing point, solutions of equivalent concentration of anhydrous 
salt were employed ; normal solutions were in each case first pre- 
pared, and from these, by suitable dilution of measured volumes, 
solutions of the concentrations i » h and xo normal, were procured. 
In the case of the salts which have been described, including the 
zinc and zinc ammonium salts," the normal aqueous solutions were 
prepared by dissolving the calculated weights of the substances in 
water, and making up the solutions to 100 c.c., or other required 
volume ; as the salts could not be rendered anhydrous without risk 
of impairing their activity, the necessary correction was of course 
made for water of crystallisation. In the case of the aqueous solu- 
tions of the sodium and potassium salts, measured volumes of 
standard solutions of the hydroxides were neutralised with dextro- 
lactic and laevolactic acid respectively, and then diluted with water 
to the necessary volume ; the solutions were heated before being 
completely neutralised, so as^ to insure the complete decomposition of 
any anhydro-acid that might be present. The solntion of barinm 
lactate was obtained by neutralising d-lactic acid with barium 
carbonate, finally using barium hydrate, and its concentration was 
adjusted after an estimation of the barium in an aliquot part. The 
alcoholic solution of sodinm Z -lactate was prepared by neutralising 
-Z-lactic acid syrup with an alcoholic solntion of sodium ethoxide. 
To obtain the solution as free from water as possible, the method 
employed by Wislicenus for obtaining anhydrous inactive sodium 
iactate was adopted (J .nnalen, 1863, 125, 50) ; ether was added to 
the alcoholic solution, and the viscous mass of sodium salt which was 
precipitated, was heated at 100° in a vacuum. The residue did not 
solidify on standing ; it was, therefore, dissolved in absolute alcohol, 
and the concentration of the solution determined by incinerating 
the residue left on evaporating an aliquot part of it. The residue 
referred to, when dried at 150°, contained 20*21 per cent, of sodium, 
the calculated percentage for sodium lactate being 20*54. The 
alcoholic solution was finally made up to the volume required for 
von. lxvii. 2 XJ 
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normal concentration ; and, from tliis solution, others were obtained 
by suitable dilution. Some observations on more concentrated 
alcoholic solutions are quoted ; the concentrations of these were sepa- 
rately determined. Alcoholic solutions of potassium d- lactate were 
similarly prepared. The aqueous-alcoholic solutions, with which 
some observations were taken, were obtained by diluting measured 
portions of the aqueous and alcoholic solutions with absolute alcohol 
and water respectively. 

With regard to the degree of accuracy to be attached to our polari- 
metric observations, it may be stated that the instrument used admitted 
of readings to only 1 minute, and that except in the case of a few 
of the more concentrated solutions, a 400 mm. tube was employed. 
The temperature of observation was about 10° ; it varied within a 
few degrees, but by special experiments on a number of the solutions, 
we found that the variation in question affected our results to only a 
very slight extent, except, in the case of concentrated alcoholic 
solutions which are specially mentioned* 

Table I (p. 680) contains our polarimetric observations on aqueous 
solutions. The salts examined are indicated in the first column by the 
symbols of their metals, an d to each salt is attached its equivalent M. 
Under a are given the observed angles of rotation for normal, -£, and 

M 4 

^ normal solutions, and under [a] D — , the corresponding molecular 


solutions. 

The salts, as already indicated, were prepared in some cases from 
the dextro-acid, and in others from the lesvo-acid, but as the rotation 
of all the salts examined, in aqueous solution, and within the limits 
of concentration employed, iB in the opposite sense lo that of tlieir 
acid, we have omitted the sign of their activity. Tables II and III 
contain respectively observations on alcoholic solutions of the sodium 
and potassium sali®, and on aqueous-alcoholic solutions of these and 
other salts ; as the sign of the rotation changes in a number of cases 
with concentration, we have indicated in these tables by the name ot 
the salt the acid from which each was derived, and have appended to 
the angles of observation their respective signs. Table IV contains 
observations on the depression of the freezing point of some of the 
same solutions which were examined optically. Under A aie given 
the observed depressions ; the weight of salt P added to 100 grams 
of water was calculated from the known concentration and observed 
density d 18°/4°. Under A/P. M are given the molecular depressions, 
and under a the percentage of dissociation calculated from the usual 

formula ^ — , 18 9 being taken as the molecular depression 

{n — 1) Ao 

of water. 



tpr $8 $8 8 

In the tables of curves, the molecular rotations are plotted as nor- 
mals ; in the aqueous solutions, the abscissas represent the concentra- 
tions in fractions of a normal solution, and in the alcoholic solutions 

2 u 2 
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they represent the concentrations in grains per 100 c.c. To avoid 
crowding, we have plotted the curves of silver, sodium, zinc, and zinc 
ammonium separately from the others. 


Molecular Rotations of Sodium and Potassium. Lactates in Ethylie Alcohol. 



yote .- — These salts were made from oppositely active acids, but for the sake of 
comparison we have plotted them as if prepared from the same isomende. 


Table I . — Aqueous Solutions. 



M. 

a. 


1. 

i 

D 

iV 

1. 

3^ 

i 

0* 

iV 

Li. 

9G 0 

i 

, 4-66° 

2-07° 

1-08° 

0'56° 

31*65° 

12 -94° 

13-50° 

1 i *00° 



112-0 

4 ‘88 

2-07 

1*06 

0*42* 

12*20 

12*94 

13*25 

14-00* 

K 1 

123*1 

5-16 

2*18 

1-10 

0*56 

12 -90 

13*63 

13*75 

14*00 

-^g 

197 O 

2 88 f 

2*30 

1-12 

0*53 

14 *40 f 

14-38 

14*00 

13-23 

Oa , 

109 O 

0-51 

0-78 

0-50 

0*26 

1*28 

4*88 

6-25 

6*50 

Sr 

132 73 

2-70 

1-59 

0-90 

0*49 

6-75 

9*94 

11*25 

12-25 

Bn 1 

137 *5 

3*44 

1-75 

0-94 

0-50 

00 

8 

10 94 

11-75 

12-50 

Mg ..... 

101*0 

2-22 

1*38 

0*82 

0*41 

5*56 

8*63 

10*25 

10*25 

Za 1 

121 -5 

2 93 

1-31 

0-89 

0*50 

7-83 

9*44 

11 *13 

12*50 

ea i 

145-0 

4 -43 

2*02 

1-07 

0-33 

11*20 

12*63 

13 38 

13*25 

ZnNH*. 

110*67 

2-29 

1-39 

0-8" 

0*30 

5-73 

8*69 


12*50 


* 0 — 0 *075 normal. 


t C = i normal. 
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Table II . — Alcoholic Solutions. 


Sodium Mactate. 

Potassium ^-lactate. 

c. 

a. 

r i M 

^ D ioo' 

c. 

a. 

r«] 0 

L J 100 

23 -208 

-2-12° 

— 2-S6 c 

30-700 

-11 -48° 

-11-98° 

19-790 

-1*76 

-2*49 

— 

— 

— 

11 -200 (N) 

-0*36 

-0*90 

12 -810 (N) 

-5-52 

-13 *80 

0-294 

-0-18 


— 

— 

— 

7*467 (f N) 

+ 0-40 


— 

— 

— 

5 -600(111) 

+ 0-56 

+ 2*80 

5 -124 (?1T) 

-2-72 

-17*00 

2 -240 (■» N) 

+ 0-80 


2 -562 (■> N) 

-1-56 

-19*50 

1-120(*H) 

+ 0*64 

+ 16 *00 

1-«1(*M) 

-0-87 

-21*75 

0-560GVN) 

+ 0*46 

+ 23 *00 


“““ 

MM 


Table III . — Aqueous Ethyl alcoholic Solutions. 


Sodium lactate. 

Potassium Mactate. 

c. 

a. 


c. 

a. 

r i M 

w *7oo* 

7*467 = JN 
5*600 = }BT 
2-532 

1-120 = &N 

+3*00® 
+2 66 
-1-40 
-0-69 

+ J3lo°} WllCtate 

21*9087 

13-1990 

5-1240 = *N 
2*5620 m iN 
1-2810= AN 
0-6405 = AN 

+7-87° 
+5-16 
+2-47 
+ 1-47 

4 0-86 
+0-45 

++++++ 

Lithium 1-lactate. 

Calcium cHacfatc. 

- 

c. 

ou 

r n M 

W *100* 

c. 

«• 

M X 

M *m- 

3-840 = 2 1ST 

1 *920 = JN 
0-960 = V«N 

+2-10® 

+1-23 

+0*69 

+ 13*12° 

+ 15-38 
+ 17 *25 

4*300 a "N 

+ 1 *48° 

4 9*25° 

Zmc Mactate. 

Magnesium (Mactate. 

c. 

a. 

r I M 

c. 

a. 


4-86 = gN 

-0*08® 

—0 *5C® 

4*048 = *N 

+0*51° 

+3*19° 


Cadmium (Mactate. 

Strontium Mactate. 

c. 

a. 

W "ll0- 

c. 

a. 

«•»- 

' 7-25 = %sr 

2-32 =s AN 

-1-22® 

-0*49 

-6-10° 

-7*06 

■BEH5H 

mam 

oo 

I i 

-4-81° 

-0*38 
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Table IY — Freezing Points . 


Lithium l-lactate . 



A 1 


P. 

P 

a. 

N 

3 929° 

1 *0382 

10 -1890 

37-00 

95*8 


1*427 

1*0150 

3-9320 

34-88 

84*4 

IN., 

0*712 

1-0071 

1 9435 

85-16 

85 9 

-J-N 

0 354 

1 0032 

0 -9662 

86-17 

80 3 

To 4 ’ 





Calcium di-lactate. 


AN 

0 385° 

1*0108 

2*2042 

38*08 

50 8 

juN 

O 210 

1*0051 

1 *0963 

i 

41-77 

60*5 

lo" 




Strontium 1-lactate . 


N 

1-866° 

1-0783 

14-0390 

35*28 

43*4 

|N 

0*813 

2 *0323 

5*4228 

39 80 

53-3 

■ • • • • • 

0-431 

1*0160 

2 6833 

42 64 

ea-8 

AN 

0-218 

1 0077 

i 

1-3349 

43*36 

64-7 


Barium di-lactate. 


2-187° 

1-1017 

16*6808 

41 *30 

59*4 

0 925 

1-0416 

6-4378 

45 27 

69*8 

0*487 

1*0205 

3*1850 

48 16 

77 5 

0 246 

1 0100 

1*5841 

48-92 

79-5 


Magnesium di-lactate . 


N 

1-805° ! 

1 0458 

10 6901 

34*10 

40-2 

SN 

0*395 ! 

1*0095 

2*0418 

39-09 

53*4 

AN 

0*210 

1 0044 

1*0158 

41-75 

60*5 


Zinc 1 -lactate. 


v* 

0-525° 

1 -0257 i 

4*9739 

25*66 

17-8 

jN 

AN 

0-294 

0-161 

1 *0126 
1*0059 

2 *4587 
1*2226 

29*06 

32*00 

25-0 

84-7 


Owing to insufficiency of material we were unable to prepare the 
aqueous alcoholic solutions of Table III by systematic dilution ; the 
following notes will show approximately the proportion of water and 
alcohol present in each of them. Sodium lactate . For the first two, 
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10 c c. of IT alcoholic solution were diluted with water to 15 and 20 c.c. 
respectively ; for the third, 10 c.c. of an aqueous solution were 
diluted to 25 c.c. with alcohol ; for the fourth, 10 c.c. of IT aqueous 
solution were diluted to 100 c.c. with alcohol. Potassium lactate . For 
the first two solutions, 10 c.c. of an aqueous solution (c = 32*998) 
were diluted to 15 and 25 c.c. respectively with alcohol. The remain- 
ing solutions of the potassium salt and all the others, excepting the 
cadmium salt solutions, were prepared by diluting 10 c.c. of the 
IT aqueous solutions with alcohol. Cadmium lactate. The solutions 
were obtained by diluting the IT and IT aqueous solutions respec- 
tively with alcohol. 

Aqueous Solutions . — A glance at this table shows that all the salts 
of the univalent metals which in dilute solution may fairly be 
assumed to he about 80 per cent, dissociated, namely, lithium, sodium, 
potassium, and silver, are tending to a maximum rotation of between 
14° and 15° ; and, as the change in all of them with increasing dilution 
is comparatively slight, 14*5° may be taken as the molecular rotation 
of the lactic acid ion. The results of our observations are quite in 
accordance with the law of Oudemans, and the theory of electrolytic 
dissociation. In this group of salts, Guye’s theory of the influence of 
mass on the rotation of a substance finds but little confirmation, because 
the table of carves shows that in the most concentrated solutions 
which are comparable for the four salts, that is \ normal, where there 
must be a very consideiable number of undissociated molecules 
present, there is not 2° of difference in the rotation produced by such 
different masses as 7, 23, 39, and 108. Increase of mass increases the 
rotation slightly, but this increase is insignificant. Assuming, as is 
generally done at present, that the only factors existing in these solu- 
tions, which can influence the rotation, are the lactic ions and the 
whole molecules, it follows that the rotation of the latter must he less 
than that of the former — except in the case of the silver salt, the 
rotation of which decreases slightly with dilution — and that the 
rotation of the whole molecule can differ but little from that of the 
ion. It may however he pointed out that the same observed results 
could be accounted for by assuming that the rotation of the whole 
molecule is greater than that of the ion, and that a not inconsiderable 
number of complex molecules whose rotation is less or even of oppo- 
site sign are present in the more concentrated solutions. This 
supposition, which seems to us probable, will be discussed later tinder 
the alcoholic solutions. 

In the second group of salts, comprising those of barium, stron- 
tium, and calcium, those of barium and strontium are quite normal, 
and the influence of mass is found affecting the rotation but slightly. 
Reference to the table of curves shows that thoy too in dilute sola- 
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tion approach the same maximum as the former group, that is, the 
value 14*5° for the molecular rotation. With the calcium salt, how- 
ever, the case is entirely different, notwithstanding the fact that its 
degree of electrolytic dissociation cannot be assumed to be very much 
less that of the barium and strontium salts. NTor can the differ- 
ence of mass alone be taken as a sufficient explanation of its appar- 
ently an omal ous behaviour, because, firstly, its rotation does not 
approach the maximum by dilution ; and, secondly, there is the same 
difference of mass between the barium and strontium as between the 
strontium and calcium salts, although the strontium salt shows no 
tendency to this abnormal rotation. 

In the thir d gronp of salts, namely, those of magnesium, zinc, and 
cadmium, what appears at first sight to be the influence of mass is 
much more striking. The rotation in normal solutions increases with 
the molecular weight to a very considerable extent, the difference 
being about 5*5° for a difference of mass of 88 between magnesium 
and cadmium. The curve of the magnesium salt rises normally, and 
as the degree of dissociation of a magnesium, salt even in N/10 solu- 
tion is far from complete, it probably, with continued dilution, 
approaches the maximum value. The same may be said of the zinc 
salt. The vaJnes obtained for the rotations of these two salts would 
seem to be explicable on the assumption that the rotation of the whole 
molecule is much less or of opposite sign to that of the ion, Prom 
onr determinations of the freezing points of their solutions, however, 
it appears that the amount of dissociation in the zinc salt is only 
between 30 and 40 per cent., whilst its rotation has already nearly 
reached the maximum value ; and, from the difference between the 
f N and the N/10 solutions, an increase of about 15 per cent, in dis- 
sociation is found to produce an increase of 3° in rotation — a rate of 
increase which would carry the final value of the ionic rotation as 
found from the zinc salt far beyond that found from the salts of the 
alk a l is . The same reasoning applies to the cadmium salt, in which, 
although we have not determined the amount of dissociation, it can 
scarcely far exceed that of the zinc salt. Now, if the rotation of: the 
whole molecule of these salts is even slightly less than that of the 
ion, the two could only become equal at infinite dilution, and the rate 
of increase, judging from the amount of dissociation, should be much 
slower than experiment has shown to be the case. If the two wore 
equal, the rotation should not change with concentration. Conse- 
quently our results seem to prove that, in these salts, the rotation of 
the whole molecule must be greater than that of the ion, and that 
some other factor muBt he introduced to account for the diminution 
of rotation with increase of concentration. Now Arrhenius has 
assumed the existence of complex molecules to account for the differ- 
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ences found in the salts of this group of metals, between the amount 
of dissociation determined by electrical conductivity and by depres- 
sion of freezing point, and it seems highly probable that in the solu- 
tions of zinc and cadmium lactates — and probably of others also — 
the decrease of rotation is due to the presence of complex molecules- 
which rotate the plane of light to a less extent or even in an opposite 
direction to the simple molecule or the ion. This supposition would 
seem to be supported by the well-known fact that the lactates show a 
great tendency to form double salts, not only with other lactates, but 
also with other organic and inorganic substances. 

The presence of complex molecules in solution having a low or 
negative rotation is also confirmed by tho values found lor the zinc 
ammonium lactate. Although it contains the salt of an alkali, and 
its rotation might therefore be expected to be a mean between that 
of zinc lactate and ammonium lactate, we find, on the contrary, that 
in normal solution its rotation is much lower even than that of zinc 
lactate, whilst its curve lises more rapidly, and finally cuts that of 
zinc lactate at the concentration of N/10, showing that in dilute solu- 
tion the salt is slowly dissociated into zinc lactate and ammonium 
lactate. 

Alcoholic and Alcoholic Aqueous Solutions . — The observations con- 
tained in Tables II and III which were made with the view of deter- 
mining the effect of other solvents on the optical activity of the 
lactates, seem to us to show that not only in the three salts above 
mentioned, bnt also in others — possibly in all — the decreased rota- 
tion with increased concentration is due to the presence of complex 
molecules in solution, of lower, and in some cases, at all events, of 
opposite rotatory power to the ion. 

Sodium l-lactate in Ethylic Alcohol . — From the curve in which tho 
molecular rotations are plotted as normals, and the concentrations as 
abscissae, it is at onco evident that, in very concentrated alcoholic 
solutions, this salt possesses a rotation opposite to that which it 
has in water, and, passing over to the same sign on dilution, finally 
acquires a value much greater than that possessed by the salt in the 
corresponding aqueous solution, or even than that indicated by the 
curve as the truo ionic rotation. A determination of the molecular 
weight of the salt by Beckmann’s boiling-point method gave the 
following result: — Weight of salt determined by sodium estimation, 
0*6349 gram; weight of alcohol, 21*31 grams; rise of boiling point, 
0*260°, from which follows the molecular weight, 132; calculated 
molecular weight, 112. The fact of too high a value being found for 
the molecular weight is quite in accordance with the polarimetric 
observations, for the curve shows no indication of having yet attained 
a maximum. Unfortunately, the observed angle was becoming too- 
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small to permit of oar using greater dilations 'with, the same accuracy. 
We are forced to conclude, therefore, that the rotation of the whole 
molecule of sodium lactate is greater than that of the ion, and that 
even in such a dilute aqueous solution as N/10 there is a not incon- 
siderable number of complex molecules present. The presence of 
such molecular aggregates in the more concentrated solutions is 
further indicated by the striking change of activity which they 
undergo with change of temperature. Thus, a normal solution giving 
in a 100-mm. tube a rotation of +15' at 17°. gave at — 2° a rotation 
— 4 f ; another, of concentration 9*3, giving at 3° a rotation of —3', 
gave at 11° a rotation of +10' in a 400-mm. tube. When an aqueous 
solution of the sodium salt is diluted with ethylic alcohol, it is seen 
from Table III (p. 631) that the rotation increases more rapidly than 
when dilnted with water, and finally becomes nearly equal to that of 
the salt in pure alcohol. 

Potassium d -lactate in Efhylic Alcohol . — The dilute solutions of this 
salt show the same high rotation as the sodium salt, and the same 
results are obtained by adding alcohol to a normal aqueous solution, 
the molecular rotation in a N/20 solution of the latter being 22*5°, 
and that of the sodium salt 23°. From our observations on concen- 
trated solutions, it would appear either that the potassium salt shows 
less tendency to form molecular aggregates than the sodium salt, or 
that these aggregates are possessed of a rotation in the same sense 
as the ion. The same conclusion is also indicated by a comparison of 
our observations on the concentrated aqueous solutions of these salts, 
where the curve of the potjibsium salt falls more slowly than that of 
the sodium salt. 

Lithium lactate in Aqueous Alcohol . — Active lithium lactate is in- 
soluble, or nearly so, in pure alcohol, but solutions prepared by 
adding alcohol to a normal aqueous solution, gave results, as will be 
seen from the table, corresponding to those obtained with the sodium 
and potassium salts. Aqueous alcoholic solutions of the calcium, 
magnesium, zinc, and cadmium salts were also examined by taking 
readings quickly before the salt had time to crystallise. All of them 
show a great tendency for the rotation to become of opposite sign in 
alcoholic solution, and a comparison of the rotations of the calcium 
and strontium salts is specially interesting. The strontium salt, in 
water, has a much greater rotation than the corresponding solution 
of the calcium salt; in aqueous alcohol, its rotation is small and of 
opposite sign, whilst that of the calcium salt is also reversed in sign, 
but much more so by the addition of alcohol. This shows clearly that 
the low rotation of the latter salt is not due to the actual feeble 
activity of its individual molecule, but to the presence of two active 
factors, one of which slightly predominates in aqueous, the other in 
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alcoholic solution. The one factor may consist, as in the sodium salt, 
of whole molecules and ions whose high positive activity is reduced 
by the opposite rotation of molecular aggregates ; or, in the calcium 
salt, the whole molecules and aggregates may combine to reduce the 
ionic rotation. This explanation applies equally well to the decrease 
of rotation observed with increase in the concentration in the barium 
and strontium salts. 

Potassium d •lactate in a Mixture of Methylic and Ethylic Alcohols . — 
The normal solution, whose rotation is quoted below, was prepared 
by diluting to 25 c.c., with methylic alcohol, 10*43 c.c. of an ethylic 
alcohol solution containing 3*2025 grams of the salt. The more dilute 
solutions were prepared from this by further addition of metliylic 
alcohol. 

12*81 2*562 1-281 

a -7*02° -1*85° -0*89° 

WjA.... -17-54° -23-10° -22-23° 

The numbers quoted for the molecular rotation show that, by dilu- 
tion, it reaches a maximum at N - / 5, after which it appears to fall 
slowly again, as one would expect, towards the value obtained for the 
ionic rotation, and a comparison with the table of rotations in ethylic 
alcohol shows that the values found in the mixture of alcohols arc 
greater than those found in pure ethylic alcohol for corresponding 
concentration. Both of these observations are quite in accordance 
with the views at present held as to the solvent action of alcohols. 
Methylic alcohol possesses a greater power of breaking down molecular 
complexes than ethylic alcohol, consequently tho point at which the 
number of simple molecules predominates over that of the ions and 
aggregates is arrived at and passed sooner in raothylic than in othylic 
alcohol. 

The chief conclusions to bo di*awn from tho foregoing observations 
and considerations are that, although by sufficiont dilution a value 
can be found to represent the rotation duo to the ion alone, in more 
concentrated solutions other factors besides simple molecules appear, 
representing probably different degrees of aggregation in the different 
salts; and that these aggregates are decomposed into their con- 
stituent molecules and ions to a far different degree by different 
solvents. In this connection, we may refer to Walden’s observations 
on the rotation of a-bromoearaphoric acid and its barium salt when 
dissolved in water, and in aqneous acetone (Zeit yhystJcal. OJiem 1894, 
15, 196). In aqueous solution, he finds that a difference of 20 per 
cent, in the degree of dissociation of the acid, as determined by con- 
ductivity, produces a difference of 14° in molecular rotation, whilst 
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in aqueous acetone, a decrease of only 2 per cent, in dissociation 
lowers tlie molecular rotation through. 17°. In the barium salt, for a 
difference of 5 per cent, in dissociation, the molecular zotation is 
decreased by only 1° in aqueous solution, whereas, in aqueous acetone, 
a lowering of 3 per cent, in the degree of dissociation, produces a fall 
of 27° in molecular rotation. It seems thei*efore necessary to conclude 
either that determinations of the electrical conductivity in these 
acetone solutions gives no measure of the degree to which a sub- 
stance is dissociated, or that the great fall on dilution above referred 
to is due to more than the dissociation of the substance into ions. 
The apparently contradictory results could be accounted for in the 
same way as we have sought to explain those of the lactates, only in 
this case the complex molecule must have a rotation higher than that 
of the ion. 

Comparison of the Freezing Points of Solutions of the Aciiie and 
Inactite Lactates . 

The question of the existence of racemoid compounds in solution is 
a subject of considerable interest, both on account of its bearing on 
the practical methods of resolving them into their active components 
and also in connection with the wider question of the chemical nature 
of such compounds in general. Investigation in the subject has been 
chiefly confined hitherto to racemic acid. The thermo-chemical 
experiments of Berthelot, Jungfleisch, and Jahn, the determinations 
of the conductivity by Ostwald (Zeit. physikal. Chem ., 1889, 3, 371), 
and of the specific volume by Marchlewski (Her., 1892, 25, 1556), of 
solutions of racemic and of the tartaric acids, have proved that, in 
dilute solution, at all events, racemic acid is resolved into its com- 
ponents. Marchlewski’s experiments, however, indicated that in more 
concentrated solutions (10 — 14 per cent ) some racemic acid probably 
remained undecomposed, and freezing point determinations by Baoult 
(Zeit physical. Chem., 1887, 1, 186) led to the same result Similar- 
experiments by the latter on the sodium ammonium salts showed 
that, even in 13 per cent, solutions, the racemate was entirely decom- 
posed. 

We have applied Raoult’s method to the lithium, strontium, and 
barium lactates. The results of a comparison of the freezing points 
of solutions of similar strength, of one of the active forms, and the 
inactive form of each of these salts are contained in Table V. The 
solutions of the active salts used were some of those whose freezing 
points have been already quoted, the letters d and l indicating the 
sign of activity of the acid from which the salt was made. The 
solutions of the inactive salts, indicated in the table by the letter i y 
were prepared in the same manner as the active solutions; P being 
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calculated, as already stated, from the specific gravity and known 
concentration. The inactive calcium and strontium salts were 
analysed, and found to have the composition commonly assigned to 
them. The inactive lithium lactate, which does not seem to have 
been previously prepared, forms crystalline scales of pearly lustre, 
not distinguishable from the active isomeride ; the former crystallises, 
however, in the anhydrous state, the latter, apparently, as already 
stated, with fH a O. Estimations of lithium in the salt dried in air 
and at 120° gave the numbers 7*00 and 7*19 per cent, respectively, 
the calculated percentage for the anhydrous salt being 7-29. 


Table V. — Freezing Points of Solutions of Active and, Inactive Lactates . 

Lithium Lactate . 


c . 

A. 

d 13°/4°. 

P. 

A 

P' 
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1 -0382 
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0-386 
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Calcium Lactate . 
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Strontium Lacta 

tie. 
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1-866 

1-0784 

1-0783’ 

14*038 

14*039 
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Barium Lactate . 
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d . . 
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1-0204 
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0*144 

d. 1 

.... 
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0*487 

1-0203 

3*1850 

0*163 

*• 1 

[■A*- 

J 

r 

0*234 

1*0098 

1 *5844 

0*148 

rf. j 

*"1 

L 

0 216 

1-0100 

1*5841 
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An inspection of the table shows that, in the case of the normal 
solutions of lithium and strontium lactates, the specific gravities and 
co-efficients of depression A/P of the active and inactive forms are 
practically identical ; no freezing points were taken with the inactive 
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calcium lactate, but tbe specific gravity of its N/5 solution is identical 
with that of the corresponding solution of calcium ^-lactate. Jt 
appears therefore that, in solutions of these salts of the concentration 
mentioned, the racemoid salt undergoes complete dissociation into its 
active components. In the case of the barium lactates, the active 
salt has in each solution a somewhat higher co-efficient of depression 
than the inactive salt, which would indicate that the racemoid salt in 
this case is not completely dissociated, but, as the specific gravities 
show no corresponding differences, and as the differences of depres- 
sion do not diminish in the more dilute solutions, we are inoliued to 
think that the differences in question are to be attributed, in all 
probability, to an error in taking the freezing point of the water. 

United College of St. Salvator and St. Leonard 
University of St. Andrews. 


LXIX . — The Interaction of Sulphur and a-Nitro- 
vcvphthalene. 

By Armaot Herzfelder, Ph.l). 

I have to thank Professor Ramsay for having kindly directed my 
attention to the fact that on heating a mixture of sulphur and 
o-nitronaphthalene a green substance is produced which has not 
hitherto been investigated ; I have studied this product, and although 
tue results obtained are not final I give some of tbe points of interest 
that have been determined. 

Every mixture of sulphur and a-nitronaphthalene (excluding those 
with more than 80 per cent, of sulphur, when a hard brown mass is 
formed) when melted, acquires a light green colour, and at above 
800° a vigorous action sets in, which continues, without further 
heating ; sulphur dioxide and nitronaphthalene vapour being evolved, 
and a black mass left. When the sulphur is less than 26 per cent, 
the greater part of the nitronaphthalene remains unchanged, but as 
this excess is more readily separated from the product than excess of 
sulphnr, and as the action then begins at about 240°, it is advanta- 
geous to work with these proportions. 

As a rule, 150 grams of nitronaphthalene were well mixed with 
30 grams of flowers of sulphur, and heated in an Erlenmeyer flask 
over a bare flame; as soon as the mixture began to boil, the flame 
was removed. On cooling, the black mass was pulverised and boiled 
with alcohol to remove the excess of nitronaphthalene and any 
unchanged sulphur ; the residue was then heated with chloroform, 
and the filtrate rejected, as it contained, along with some of the 
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green product, the greater part of the free sulphur. The residue 
was now boiled with large quantities of chloroform as long as it 
gave a dark green solution, filtered while still hot, and the solution 
precipitated with alcohol ; this operation was repeated three times. 
The precipitate was collected and boiled with successive quantities 
of alcohol ; the first extract was colourless, containing sulphur only, 
but after the third treatment the solution was pale green, and the 
extraction was then discontinued. 

In this way a dark green amorphous powder was obtained, 
insoluble in ether, alcohol, acids, and alkalis, but soluble in liquids 
which dissolve sulphur easily, such as chloroform, carbon bisulphide, 
phenol, benzene, nitrobenzene, and aniline. It is not volatile with 
steam, and I did not succeed in subliming it, as it decomposed soon 
after melting, even in a vacuum. To purify the original substance, 
other methods were used such as fractional precipitation with alcohol 
from the nitrobenzene solution, precipitation with alcoholic potash 
from its solution in phenol, and also by shaking with colourless 
ammonium sulphide. I succeeded in reducing the amount of sulphur 
in the product from 27 per cent, to 19*5 per cent. As all my efforts 
to obtain the substance in a crystalline state were unsuccessful, I 
accepted this amorphous substance as pure. It melted at 155°, and 
the sp. gr., determined by the method of suspension, was 1*225, 
whether the substance had been previously melted or not. The 
following numbers show the slight solubility of the compound. 


Solvent. Temperature. Percentage solubility. 

Chloroform 61° 0*217 

„ 12 0 * 201 * 

Amylic acetate 12 0*313 

Nitrobenzene ] 2 2*150 


It is difficult to recover the substance from its solution in nitro- 
benzene. 

Perhaps the most interesting point with regard to this compound 
is that it is free from nitrogen. This, so far as I know, is the first 
instance observed of the total elimination of the NO* group by- 
heating with sulphnr. A sulphur determination was made, 

0*1040 gave 0*1480 BaSO*. S = 19*54. 

Calculated for C 10 H a P, 20*2 per cent. 

The molecular weight as determined from the elevation of thu 
boiling point of chloroform was 152. As the elevation was small, 
owing to the sparing solubility of the substance, this number is in 
sufficiently close agreement with the molecular weight of CJELS 
which is 158. 

* The solubility of sulphur In chloroform at 22° is 1*2 per cent. 
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It was natural to suppose that if one sulphur atom were substituted 
for the group H0 2 , the free valency of the sulphur would be satisfied 
by hydrogen, so that the sulphur would be in the condition m which 
it exists in the thioalcohols or thiophenols The reactions of the 
green substance, however, do not confirm this supposition. In 
contradistinction to the mercaptans, it has no odour, does not react 
with mercuric oxide, and gives no precipitate with mercuric chloride 
or lead acetate. 

The complete neutrality of the compound, and the results of the 
oxidation and bromination detailed further on, led me to believe that 
the second valency of the sulphur is also satisfied by one of the 
naphthalene carbon atoms, that is, the compound has the formula 
C 10 H 6 S. On oxidation with nitric acid, I obtained, amongst other 
products, phthalic acid, which shows that the sulphur is bound only 
to one of the naphthalene rings. Of the three possibilities 
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the bromination showed the third formula to be the most probable. 

To a concentrated solution of the green compound in carbon 
bisulphide, a great excess of bromine was added, and the mixture 
allowed to remain for two hours ; the excess of bromine was then 
removed with dilute potash, and the carbon bisulphide by evaporation 
in a vacuum. The brown residue was extracted with ether, and the 
ethereal solution, concentrated, was poured into cold alcohol ; the 
precipitate formed was proved to be the dibromonaphtbalcne 
melting at 85°, and having the constitution 


H Br 
0 C 

ho q ' 

HO 8 

0 0 

H Br 


H . 
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This result entitles me to ascribe to the green compo und the 
formula of an em'-thiouaphthalene. The relation to tTifo phen is seen 
from the following formula. 
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Unlike this substance it gives no reaction with the dipkenoU. 


B tomi nation 

A dilute solution of bromine in carbon bisulphide was added to the 
thionaphthaleno dissolved in the same solvent, and the mixture 
allowed to remain 24 hours. On evaporating the carbon bisulphide, 
there remained, besides aa'-dibiomonaphtkalene, a brown mass which, 
on treatment with ether containing bromine dissolved in it, yielded a 
green, amorphous substance almost insoluble in alcohol or in pure 
ether. This proved to be a monobiumothionaphthalene, or probably 
a mixture of isomeric bromo-derivatives, for, although it contained 
the calculated quantity of bromine and sulphur, it had no well-defined 
melting point. The excess of bromine and etkor was expelled by 
heating first on the water bath and then in a vacuum, the residue* 
washed successively with ether, alcohol, and water, and finally dried 
in a desiccator. 

0-0531 gave 0*0514 BaSO*. S = 13*3. 

0*0319 „ 0*0253 AgBr. Br == 33-7. 

Calculated for Ci 0 H 5 BrS. fcS = 13*5 ; Br = 33*8 per cent. 

The position of the bromine atom in the molecule has not been 
ascertained. 


HulphonaHon. 

Thionaphthaleno was added to concentrated sulphuric sicid, and 1 iio 
mixture left for 12 hours with occasional shaking ; the black mass was 
then poured into water, collected, and washed until the washings no 
longer gave a precipitate with barium chloride. The resulting thio- 
naphthalenesnlphonie acid being insoluble in water was dissolved in 
boiling aqueous potash, the solution filtered, and the free alkali 
neutralised with hydrochloric or acetic acid. Barium Chloride and 
lead acetate gave precipitates of tho barium and lead salts of the 
sulphonic acid, which could only be removed from the filter when 
wet. The lead salt, when dry, was a reddish-brown, amorphous 
powder, and the barium salt a gray powdor. As no further purifica- 
tion of these salts could be effected, the numbers obtained on dotor- 
vol. lxvii. 2 x 
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mining the metals in them were only approximate, being somewhat 
below the theoretical. 


Nitration . 

Tkionaphtlialene, when boiled with nitric acid, gave a black, solid 
mass, and the acid became red. On extracting with ether, a red 
solution was obtained, which was mixed with alcohol ; the ether was 
then evaporated off on the water bath, and the alcoholic solution 
precipitated with water. A red substance was thus obtained melting 
at 48°, and containing both sulphur and nitrogen. 

The black mass was dried and shaken up with chloroform ; the 
addition of alcohol to the chloroform solution precipitated a black 
substance which melted at 98 — 105°, and contained nitrogen and 
sulphur. 

Besides these products, I obtained nitrobenzene, detected by 
Brunner’s reaction (JLeit. anal. Ghem ., 1881, 390), and traces of 
phtbalic acid. 

It is extremely difficult to obtain these derivatives of tbio- 
naphthalene in large quantity or in a state of parity, as the thio- 
naphthalene itself is very inert and total decomposition often takes 
place on heating. I am at present engaged in the preparation of 
varions other derivatives in the hope of more closely characterising 
thionaphthalene and of confirming the formula suggested. 

Budapest 


LXX . — Acid Compounds of some Natural Yellow 
Colouring Matters . 

By A. Gr. Pebkin, F.R.S.E., and L Pai n. 

In a previous communication by one of us, in conjunction with J. J. 
Hummel (Ber., 1882, 15, 2337), it was shown ihat heematem and 
brazilein, the colouring matters of logwood and brazilwood, yielded 
peculiar compounds with mineral acids. Thus, from hanuatem, 
CmHmOs, there was obtained isohasmatem sulphate, CuHuCVSOjJI, 
and isohmmatein clilor- and brom-hydrins, C^JBuOsCl and CxeHuOsBr. 
These substances, on treatment with water, are decomposed with 
elimination of acid, the first product formed in the case of the 
sulphuric acid compound being a basic snlphate, 

(OxaH^O^OxeHuO^HSOi. 

Further, by treating tbe chlor- or brom-hydrin with silver oxide, a 
substance, isohaematein, Oi S H ia O e , was obtained, which, though 
isomeric with hcematein, differed considerably from it in dyeing and 
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other properties. Brazile'in behaved similarly. It was therefore 
evident that, by the action of mineral acids on these colouring 
matters, some change other than the mere formation of an acid com- 
pound had taken place. 

In continuation of this work, it appeared desirable to study in a 
similar manner the action of acids on the natural yellow dyes. 
Although it seems to have been already known that some of these 
substances give colour reactions with some of the mineral acids, 
no attempt has been made to study this action. The only statements 
bearing on this subject which we have found appear in Grmelins’s 
Handbook of Chemistry . “ Warm concentrated hydrochloric acid 
colours quercetin oi*ange to brown-yellow ” (Regaud, 10 , 492). 
“ When a solution of quercetin in acetic acid is saturated with hydro- 
chloric acid gas only a trace is decomposed, the rest acquiring an 
orange-yellow colour ” (Hlasiwetz). “ According to Chevreul, 
luteolin unites with acids” (9, 29). “Mown dissolves in oil of 
vitriol with a dark brown-yellow colour, tho solution deposits a red 
body when warmed or left at rest.” 

According to the recent researches of Kostauecki (Kostanecki and 
Tambor, Monatsh., 1895, 15, 1) on gentisin, the colouring matter of 
gentian root, of Schunck and Marchlowski on datiscotin from JDatisca 
cannablna ( Annalen , 1894, 277, 261), and of Herzig (be. cit.), 
certain of the natural yellow colouring matters can be divided into 
two classes, in that they are either derivatives of dipheno- 7 -pyrone 
or of a phenylated pheno- 7 -pyrone, 


O O 



To the former class belong gentisin, prepared artificially by 
Kostanecki and Tambor (loc. cit .), 

0 



and datiscetin, which, according to Schunck 
cit.), is thus represented 
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Fisetin, quercetin, rhamnetiu, and rhamnazin (quercetin mono- and 
di-methyl ethers), and chrysin (Kostanecki, Ber., 1893, 26, 2901) 
belong to the second class, in which also most probably should bo 
included morin and luteolin, the colouring matters respectively of old 
fustic and weld. From a study of its decomposition products, Herzig 
(Ber., 1895, 28, 293) considers fisetin to have the following constitu- 
tion. 



There also exists a third class of allied substances, of which 
maclurin, the second colouring matter of old fustic, and catechin, the 
chief constituent of catechu, are typical. 

The former is usually regarded as a benzophenone derivative. 

In the present communication, we have confined ourselves to the 
study of the action of acids on the members of the second and third 
classes, and all that are above enumerated have been examined, with 
the exception of chrysin. 

Preliminary experiments were carried out. with the following 
result When boiled with hydrochloric or hydrobromic acids, quer- 
cetin, fisetin, and morin yielded orange-red to scarlet crystalline 
compounds, very readily decomposed by water ; they were, however, 
not acted on when similarly treated with dilute sulphuric acid. On 
the other hand, rhamnetin and rhamnazin were practically not 
altered by this treatment. By treating with acids solutions of 
these colouring matters in glacial acetic acid, more satisfactory 
results were obtained, the presence of water in quantity being thus 
avoided. 


Quercetin 

In order to prepare this substance from quercitron bark ( Qnercus 
tinctoria ), advantage was taken of a method devised by Dr. W. H. 
Perkin (private communication), and used by Mm some years ago for 
its manufacture. Quercitron bark dust is washed with salt solution 
to remove impurities, and then extracted with cold dilute ammonia. 
The extract, when neutralised with dilute sulphuric acid, deposits a 
brown amorphous precipitate containing little or no colouring matter ; 
this is filtered off, and the clear lemon-yellow solution which contains 
the glucoside, quercitrin, is^acidified and boiled, when crystals of 
quercetin soon begin to separate ; these are collected while the mix- 
ture is still warm, in order to prevent their contamination with a 
brown flocculent matter which usually separates out on further cool- 



OF SOME NATURAL YELLOW COLOURING MATTERS. 647 


ing. The product consists of almost chemically pure quercetin, 
and this can he further purified by recrystallisation from dilute 
alcohol, or more rapidly by extracting with a mixture of ether and 
chloroform ; on evaporating this extract, crystals of pure quercetin 
separate, as it is practically insoluble in chloroform. 

Quercetin Sulphate . — To a boiling saturated solution of quercetin 
in acetic acid, a few drops of sulphuric acid were added, which 
turned the liquid orange coloured, and on cooling it deposited a glis- 
tening mass of hair-liko needles of the same tint ; these were collected, 
washed with acetic acid, and dried at 100°. If quercetin be made 
into a thin paste with boiling acetic acid, and sulphuric acid be then 
added, a similar result is obtained without apparent solution of the 
quercetin. On analysis, the following numbers were obtained. 

0*1558 gave 0*2578 C0 2 and 0*0425 H a O. C = 45*12; H = 8*03. 

Ci 6 H 10 O 7 ,H 2 SO4 requires 0 = 45*00 ; II = 3*00 per cent. 

This substance, when treated with water, is quantitatively decom- 
posed into quercetin and sulphuric acid, as the following results 
show. 

0*4097 gram, standing in water, gave a yellow product, which was 
collected, washed, and dried at 160°. It weighed 0*3088 » 75*37 
per cent. The filtrate yielded 0*2427 BaSO*; S = 8*13 per cent 
OifiHioOfjHaSOi requires C15H10O7 = 75*5 ; S = 8 per cent. 

The yellow product, dried at 160°, was analysed. 

0*1145 gave 0*2511 CO* and 0*0372 H*0. C as 59*80; H = 3*61. 

CicHjoOt requires C = 59*60 ; H as 3*31 per cent. 

Quercetin sulphate is. slowly decomposed on exposure to moist air, 
with formation of quercetin and sulphuric acid. It is sparingly 
soluble in boiling twsotie acid, but cannot bo rocrystallised from this 
solvent without undergoing decomposition. Boiling acetic anhydride 
dissolves it readily, forming a colourless solution, which apparently 
contains on acetyl derivative of quercetin. Whon strongly heated, it 
is carbonised, with evolution of sulphurous acid, a small quantity of 
a crystalline sublimate being simultaneously formed. 

Quercetin Tiydrohromide can bo readily prepared by the addition of 
fuming hydrpbromic acid to a boiling solution of quercetin in acetic 
acid, or to quercotin suspended in tho same liquid. .The product is 
washed with acetic acid and dried at 100°. Analysis gave the follow- 
ing resnlt. 

0*1173 gave 0*2033 00* and 0*0300 H*0. C = 47*26 ; H = 2*84. 

C 16 Hio0 7 ,HBr requires 0 = 47*00 ; H. = 2*87 per cent. 

It consists of a glistening mass of orange-yellow needles readily 
decomposed by contact with water. 
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0*3680 thus treated gave 0*2925 quercetin and 0*1814 AgBr, cow*e- 
sponding with Oi5H 10 O 7 = 79*48. Br = 20*97. 

Ci 5 Hi 0 O 7 ,HBr requires C^H^O? = 78*85 ; Br = 20 63 per cent. 

It is sparingly soluble in acetic acid, but cannot be recrystallised 
without decomposition. 

Quercetin Jiydi ochlorhle, prepared in a similar manner, closely 
resembles the hydrobromic acid compound. A sample dried at 100 c 
yielded on analysis C = 57*6 ; theory requires C = 53*17, and this 
result was accounted for by the fact that when heated to this tempera- 
ture it is gradually decomposed, with evolution of hydrogen chloride 
and formation of quercetin. 

Quercetin Jiydnodide , CioHmC^HI, forms a glistening mass of orange 
needleB having similar properties to the above compounds. 

These results corroborate those of Herzig (Monatsh., 1891, 12, 172). 
in that they show quercetin to have the formula CisHmO?, and not 
CsiHieOu, as previously supposed. 

Fisetin. 

To prepare this substance, young fustic (Rhus cotinus , L.) was 
extracted with boiling water, and the extract treated with lead 
acetate solution. The lead compound of the colouring matter thus 
formed was collected, made into a thin paste with water, and in a 
fine stream run into boiling dilute sulphuric acid. After removal of 
the lead sulphate, the dark coloured filtrate on cooling deposited a 
semi-crystaJline, brownish mass, which was collected and purified by 
crystallisation from dilute alcohol. 

Fisetin Sulphate, CisHioO 6,13^8 0 4 . — To a pasty mass of fisetin and 
boiling acetic acid, sulphuric acid was added, and the scarlet, 
crystalline product thus obtained collected and washed with acetic 
acid. Owing to the somewhat ready solubility of this substance in 
acetic acid, considerable loss occurs during the washing. This may 
be avoided to some extent by alternately washing, and draining the 
mass upon a porous tile. On analysis, the following numbers were 
obtained* 

0*1326 dried at 110 c gave 0*2282 CO s and 0*0385 H a O. 0 = 46*93 , 
H = 3*22. 

CjgHioOfijHaSO* requires 0 = 46*87 ; H = 3*12 per cent. 

It forms a scarlet glistening mass of fine needles, considerably 
more soluble in acetic acid than the corresponding qnercetin com- 
pound. Water converts it into fisetin and sulphuric acid. 

0*3909 gave 0*2915 fisetin and 0*2536BaS0 4 . C w H w 0 6 = 74*57; S=* 8*88. 
CuHioOftHaSOi requires C15H10O7 = 74*48 ; S = 8*33 per cent. 
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Fisetin hydrobromide , Ci 5 Hi 0 O 6 ,HBr, and hydrochloi ide, Ci5Hi 0 O 0 ,HCl, 
are obtained as fine orange-colonred needles. On heating to 100° 
they are decomposed, leaving fisetin. Fisetin hijdriodide , Ci 5 H 10 O 6 ,HI, 
closely resembles the above compounds. 

Herzig (Her., 1895, 28, 293) has assigned to fisetin the formula 
C 13 H 10 Og, with which the above results agree. 

Morin . 

Morin, which, together with maclurin, is contained in old fustic 
(Morns tmctoiid), is best obtained by extracting this dyestuff with 
boiling water, the extract thus obtained depositing, on cooling* 
impure morin. For some quantity of this product, we arc indebted 
to the kindness of Messrs. Wood and Bedford of Leeds. It was 
purified by several crystallisations from alcohol and dilute acetic 
acid. 

Anhydromorin sulphate , Ci 5 Ha0e,H 2 S04, is readily formed by the 
addition of sulphuric acid to a boiling solution of morin in acetic 
acid ; the orange-red crystalline mass deposited on cooling was 
collected, was lied with acetic acid, and dried at 110°. 

0*1636 gave 0*28100* and 0*045011*0. 0 = 46*84 ; H = 3*05. 

0*1457 gave 0*2507 CO* and 0*0402 H*0. 0=46*99 ; H=3*07 ; S=8*3b. 

Ci 5 H 8 0 6 ,H 2 S 04 requires C = 47*11 ; H = 2*62 ; S = 8*32 per cent. 
C 16 H au 0 7 ,H 2 S0 4 requires C = 45*00 ; EL = 3*00 per cent. 

That morin has the formula, C^E^oO?, and not C^H^Og is evident 
from the analysis of its compounds with hydrogen bromide and chlo- 
ride described below. The sulphuric acid compound of morin, there- 
fore, differs from those of quercetin and fisetin previously described, in 
that one moloculo of water is removed during its formation. When 
treated with water, however, it is reconverted into morin, sulphuric 
acid being formed. The morin so produced was analsyod. 

0*1077 gave 0*2335 CO* and 0*0345 H*0. C = 59*13 ; H = 3*55. 

C13H10O7 roquiros C = 59*60 and E[ = 3*31 per cent. 

The crystals of anhydromorin sulphate are considerably larger am! 
of much greater beauty than the corresponding derivatives of fisetin 
and quercetin. It is almost insoluble in acetic acid. 

Morin hydrobromide forms a glistening mass of long orange-coloured 
needles, almost insoluble in acetic acid. On analysis 

0*157 gave 0*272 00* and 0*0410 H*0. 0 = 47*24; H = 2*90. 
0-149 „ 0-2568 CO; and 0-0386 H a O. 0 = 47-00; ST^"2-87. 
0-5168 „ 0-2592 AgBr. Br = 21-34. 

GuHmOi.TCBr requires O = 47 ; H = 2-84 ; Br = 20-63 per cent. 
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It is readily decomposed by -water into morin and liydiobromie 
acid. 

31 orin hydrochloride closely resembles the preceding compound, but 
is somewhat less stable at 100°. In order to snbmit this compound 
to analysis, the freshly prepared substance, after washing with acetic 
acid, was well pressed, treated with water, and the morin. produced 
dried at 160°. It weighed 0 2285 gram. The filtrate was neutralised, 
evaporated to dryness, ignited, and the amount of chlorine present in 
the residue determined. It yielded 0*105 AgCl. 

Morin = 89*21 per cent. Cl = 10*14 per cent 
CicHioOfjHCl requires Ci 5 H 10 O 7 = 89*21. Cl = 10*49 per cent. 

Morin hydriodide, C 15 H 10 O 7 ,HI, closely resembles the above com- 
pound. 

The ready production of these compounds, together with their 
sparing solubility in glacial acetic acid, and also the fact that maclurin 
yields no compounds with acid, provides a method for greatly facili- 
tating the purification of morin. The crude morin is crystallised 
twice from alcohol, the product suspended in acetic acid and con- 
verted into the hydrogen bromide compound; this is collected, washed 
with acetic acid until the filtrate is nearly colourless, suspended in a 
little boiling acetic acid and the mixture treated with its own volume 
of boiling water. A clear solution is thus obtained which, on cooling, 
deposits long, colourless, glistening needles of pure morin. 

The study of morin has received but little attention, and conse- 
quently there has been some uncertainty as to its molecular weight. 
Two formulae have been assigned to it, namely, Ci,H h 0 6 (Hlasiwetz 
and Pfaundler, Annalen^ 1863, 127, 252) and CiJEfujO? (Lowe, Zeit. 
aval* Ghem., 14, 319), both having a similar percentage composition. 
The above results show that Ldwes formula*, Oi,H J 0 O 7 , must be re- 
garded as correct. 


Rhamnetin . 

This substance was prepared from Persian berries in the manner 
described in a previous communication (Perkin and Geldard, this 
vol. p. 496). If a pasty mass of rhamnetin in boiling acetic acid be 
treated with a few drops of sulphuric acid, the liquid becomes some- 
what yellower, but the suspended rhamnetin remains unaltered. It 
was at first supposed that it did not form a compound with sulphuric 
acid, but it was subsequently found that a large excess of sulphuric 
acid is required. To rhamnetin suspended in boiling acetic acid, 
sulphuric acid was added drop by drop until it dissolved ; the clear 
solution, on standing, quickly deposited a mass of beautiful, orange- 
coloured, prismatic needles, sometimes interspersed with unaltered 
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rhamnetin. If this was the case, fresh acid was then added and the 
mixture again boiled. The product was collected upon glass wool with 
the aid of the pump, and washed twice with acetic acid ; it could not, 
however, be thoroughly washed with acetic acid, as it was gradually 
decomposed into sulphuric acid and rhamnetin, this, however, could 
be avoided by the use of acetic acid containing 25 per cent, of acetic 
anhydride. The product, drained upon a porous tile which had been 
previously heated and allowed to cool over sulphuric acid, was left in 
a dessicator for three or four days before being analysed. 

0T283 dried at 160° gave 0*2195 C0 2 , 0*0400 H 2 0. C = 46*65 ; 
H = 3-46. 

C 16 H 12 0 7 ,H 2 S0 4 requires C = 4G*37 ; H = 3 38 pox* cent. 

By treatment with water, it is decomposed quantitatively into 
rhamnetin and sulphuric acid. 

0*2985 gave 0*2275 rhamnetin, and 0*1792 BaSO*. CisHuOt = 
76*21 ; S = 8*17 per cent. 

CisH 12 0 7 ,H 2 S0 4 requires = 76*32 ; S = 7*73 per cent. 

Rhamnetin sulphate is exceedingly unstable, becoming pasty on 
exposure to the air, with formation of snlphuric acid and rhamnetin 
As is well known, rhamnetin is a quercetin monomethyl other and has 
the formula, CwHjuOt, with which the above results agree. 

No compounds of rhamnetin with hydrogen bromide or chloride 
-could be obtained. 


Hhamnazin. 

As previously shown, this snbstanco is a quercotin dimethyl ether 
(this vol., 496), and is contained, together with rhamnetin and quer- 
cetin, in Persian berries. Its behaviour t owards sulphuric acid closely 
resembles that of rhamnetin, except that an even larger quantity of 
sulphuric acid is necessary for the formation of this derivative. On 
analysis, the following numbers wore obtained. 

0*1269 gave 0*2244 C0 2 and 0*0435 H*0. O = 48 24; II = 3*81. 

CtfHuO^HjiSO* requires 0 = 47*66; II = 3*74 per cent. 

Rhamnazin sulphate is exceedingly unstable, being readily decom- 
posed by contact with glacial acetic acid, and appeal’s also to undergo 
slow decomposition oven when standing over sulphuric acid. It 
forms a mass of boautiful, scarlet, glistening needles, moderately 
soluble in cold acetic anhydride. No compounds of rbamnazin with 
hydrogen chloride or bromide could be obtained. 

Maclurin was prepared from old fustic in the usual manner. When 
acted on with acids by the methods above described, its nearly colour- 
less solution in acetic acid became of an orange tint. No crystalline 
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compounds, however, could be isolated, and we are of opinion that the 
change of colour, above referred to, is due rather to a decomposition 
than to any combination of the acid and colouring matter. This 
appears to be corroborated by the fact tliat Wagner ( Jahrsber ., 1851, 
420) obtained a substance, rufimoric acid, Ci 6 Hu0 9 , (‘0 by the action 
of cold sulphuric, or boiling hydrochloric, acid on maclurin. 

Catechin . — No acid compounds could be obtained from this sub- 
stance, its solution in acetic acid being unaffected by the addition of 
acid. By prolonged action of acid, catechin is converted into a 
dark red-brown powder (Kraut, Delden, Annalen , 1863, 128, 291), 
termed eatechuretin, C^HmOis, in this respect somewhat resembling 
maclurin. 

Cur cumin . — While examining the action of acids on the above 
colouring matters, it appeared of interest to test the behaviour of 
curcumin when similarly treated, and, for this purpose, a small 
quantity of it was prepared from turmeric in the usual manner. 
An acetic acid solution, when treated with sulphuric or hydrochloric 
acids, acquires a blood-red colour, but no crystalline matter separated 
on standing. That this coloration, however, was due to the forma- 
tion of acid compounds appeared probable, for, by treatment with 
water, a yellow precipitate was formed, which seemed to consist of 
unchanged curcumin. When boiled with strong aqueous hydro- 
chloric or hydrobromic acids, curcumin is decomposed, with formation 
of a resinous product. 

Summary of Results. 

It is shown by this investigation that quercetin and fisetin react 
readily with sulphuric, hydrochloric, hydrobromic, and hydriodic 
acids, forming well-defined, crystalline compounds, the composition 
of which is represented as the addition o£ 1 mol. of acid to the 
colouring matter. With hydrobromic, hydrochloric, and hydriodic 
acids, moiin behaves similarly, but differs in that, during the forma- 
tion of its sulphuric acid derivative, 1 mol. of water is eliminated. 
No action takes place between rhamnetin or rhamnazin (quer- 
cetin mono- and dimethyl-ethers) and the haloid acids, but with 
sulphuric acid, compounds are produced, though far from readily. 
This difference in behaviour must be accounted for by the methoxy- 
groups they contain. 

The acid derivatives of all these colouring matters are almost 
instantaneously decomposed by water into acid and the original 
colouring matter, thus showing considerable difference from those 
produced from haematein and brazilein, which are referred to in the 
introduction to this paper. Maclurin and catechin do not yield com- 
pounds with acids. 
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Before entering into a discussion of the constitution of these sub- 
stances, we feel it preferable to study the behaviour of acids towards 
that class of dyes and allied substances to which gentisoin and datis- 
cetin belong. 

This investigation will be proceeded with when the necessary raw 
material is to hand. 

Glothworlers 9 Research Laboratonj , 

Dyeing Departments 
Yorkshire College . 


LXXI. — fifi-Dina/phthyl and its Quinones . 

By Frederick D. Chattaway, B.A., Christ Church, Oxford. 

li is somewhat remarkable that so little is accurately known of the 
various possible dinaphthyls. Several substances of the composition, 
C 20 H 14 , differing considerably in melting point and physical properties, 
have been prepared, but the constitution oi only one of these, 
aa-dinaphthyl, has been determined. Speculations as to the con- 
stitution of the others have been based entirely upon their relative 
melting points, and indeed the actions by which they have been 
produced, generally unexpectedly, lead to opposite conclusions. 

Lossen first obtained a dinaphthyl (Annalen, 1867, 144, 77) by oxi- 
dising naphthalene with manganese dioxide and dilute sulphuric acid, 
and, by synthesising it from a-bromonaphthaleue, showed that it was 
the <m~ derivative. Watson Smith (/. C. 80 c ., 1871, 24, 1184) pre- 
pared a hydrocarbon, molting at 204°, by passing naphthalene vapour 
through a red-hot iron tube ; this he termod isodinaphthyl, and later 
he obtained it in larger quantity, melting at 187°, by creating in the 
same way a mixture of the vapours of naphthalene and antimony 
trichloride. Gladstone and Tribe (Trans., 1882, 41, 17) obtained a 
hydrocarbon resembling isodinaphthyl, and molting at 189°, by 
distilling aluminium a-naphthylate. Roux (Bull. 80 c. OJdm 1884, 
41, 379) states that the same compound is formed in considerable 
quantity when amylic chloride and naphthalene aro heated with 
anhydrous aluminium chloride, but no melting point is given, nor is it 
stated how it was recognised. A similar hydrocarbon has also been 
obtained by Bamberger and Chattaway (Annalen, 1895, 284, 74) by 
heating, with soda lime, an acid derived from picene. 

The author has undertaken the investigation of the dinaphthyls 
with the object of synthesising the $3- and the ^-modifications by 
methods which definitely fix their constitution, and of preparing some 
characteristic derivatives by which they may easily be identified. 
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The present paper contains an account of the synthesis of ^-di- 
naphthyl, of its quinones, and of some closely related derivatives. 

/3^-Dinaphtliyl is best obtained by the action of sodium on 
/J-chloronaphthalene dissolved in boiling xylene, in presence of a 
small quantity of ethylic acetate. 


C 10 H 7 C1 _ o 10 h 7 

C„,H,C1 J ~ O 10 H, 


+ 2Fa01. 


It is also produced when zinc dust acts on /3-diazonaphtlialene 
sulphate dissolved in alcohol. The hydrocarbon can easily be isolated 
from the products of these actions as it crystallises well and 
completely from benzene or xylene. It is beautifully crystalline, 
separating from its solvents, when pure, in large pearly plates, with 
a slight blue fluorescence. It melts at IBS'S 0 , and boils at 452° 
under a pressure of 753 mm. When dissolved in glacial acetic acid 
and oxidised by chromic acid, one or other of two quinones can be 
obtained according to the conditions under which the oxidation 
is performed. If the oxidation be effected rapidly in boiling glacial 
.acetic acid, a quinone is produced in almost theoretical amount, 
whose composition and molecular weight agree with the formula, 
‘C l0 H l2 O 2 . This is a yellow, well-crystallised substance yielding a 
•colourless hydroquinone or quinol, on reduction, and dissolving in 
.concentrated sulphuric acid with a very characteristic indigo-blue 
colour. Its appearance and behaviour lead to the conclusion that it 
is a para-quinone analogous to a-naphthaquinone [1:4]. 

When this quinone is heated with a solution of potassium 
hydroxide, one of its hydrogen, atoms is displaced by an OK-group, 
the hydrogen liberated reducing the quinone to a quinol. 


C*H 13 O a + KOH = C 20 Hn(OH)rOK. 

If this action takes place in presence of air, the two hydroxyl 
groups are at once oxidised, and the potassium derivative of a 
bydroxyquinone is formed ; on adding an acid to this the hydroxy- 
quinonc itself can be obtained, 

ChoHuCOHVOK G*JE n <VOK — CioHuCVOH. 

The bydroxyquinone yields a trihy droxy . d orivati vo on reduction. 

This hydroxyquinone, when dissolved in a hot solution of potassium 
hydroxide and oxidised by a solution of potassium permanganate, 
yields phthalic acid, carbon dioxide, and an acid, undoubtedly 
/^naphthoic acid, which gives naphthalene on being heated with soda 
lime. This seems to show that the quinone is really ^-naphthyl- # 
a-naphthaquinone, C w H 7 *C 10 H 3 ‘.O s [2:1:4], the displacement of 
hydrogen by hydroxyl, and breaking down of the molecule taking 
place as follows : — 
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O 0 




The second quinone, which analysis shows to have the formula 
C20H10O4, is produced in small quantity if a considerable excess of 
chromic acid is used in the oxidation, and if the action is prolonged 
by adding it in small quantities, heating before each addition. It is 
a yellowish-brown substance which can be easily separated from 
/J-naphthyl-a-naphthaquinone by reason of its sparing solubility in 
alcohol. It is probably formed by the further oxidation of the 
naphthyl-naphthaquinone, as it is only obtained in small amount and 
is always accompanied by tarry decomposition products and by more 
or less of this substance. It behaves very much like the simpler 
quinone, its behaviour being modified, apparently, by its containing 
two naphthaquiuone groups instead of one. It dissolves in concen- 
trated sulphuric acid with a bright orange colour, changing rapidly 
to a deep olive green. 

When heated with a solution of potassium hydroxide, it dissolves, 
two OK-groups displacing two hydrogen atoms, the liberated hydrogen 
as before reducing the quinone groups to quinol groups. 

Ca>H 10 O 4 + 2KOH = C 20 H b (OH) 4 (OX) 2 . 

In presence of air, the hydroxyl groups aro oxidised, and on adding 
an acid a dihydroxydiquinone of the composition CjoHbO^OH)* is 
thrown down. This substance, when dissolved in a boiling solution 
of potassium hydroxide and oxidised by a solution of potassium per- 
manganate, yields apparently nothing but phthalic acid and carbon 
dioxide, which makes it probable that the quiuono is /i/i-di-a-naphbha- 
quinone, CioHcOo^CioHjO.i [1:2:4 1:2:4], the actions being repre- 
sented as follows : — 



JOOH COOH- 
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fifi-Dinaphthyl, C 10 H 7 *CioR 7 . 

This hydrocarbon is best prepared by heating sodium with jS-chloro- 
naphtbaiene dissolved in xylene in presence of efchylic acetate. The 
j3- chloronaphthalene is dissolved in about three times its weight of 
dry xylene, boiling not lower than 150°, somewhat more than the 
theoretical quantity of sodium and one-twentieth of its weight of 
ethylic acetate are added, and the liquid heated to brisk ebullition for 
30 to 40 hours, small quantities of ethylic acetate being added from 
time to time and more sodium, of which a considerable excess must 
be present or the action at the end is very slow. 

To obtain the #8-dinaphthyl, the product is treated with a large 
excess of boiling xylene and filtered hot. On distilling off the greater 
part of the xylene, the hydrocarbon is deposited nearly pure as a 
brownish mud which, on drying, forms a greyish-brown crystalline 
powder; a further quantity can be obtained by distilling off the 
xylene from the mother liquor and fractionating the tarry residue. 
At first, a large quantity of naphthalene distils over, then, more or 
less unattached ^-chloronaphthalene, and finally, above 360°, 
/3^-dinaphthyl, mixed, as the temperature rises, with an' increasing 
quantity of a yellow to deep red, resin-like substance. The di- 
naphthyl can be obtained from the distillate by crystallising it from 
hot benzene in which the resin appears to be soluble in all pro- 
portions. To purify the crude substance, it must be recrystallised 
repeatedly from benzene after being well boiled with animal charcoal, 
distilled, and again recrystallised from benzene in order to com- 
pletely decolorise it — a matter of great difficulty. Although the 
melting point scarcely changes during these operations, the crystals 
become larger and larger ; at first so small that they can hardly be 
recognised under the microscope, they finally separate as largo glisten- 
ing plates several centimetres across. Obtained thus, it forms large 
pearly plates, colourless when absolutely pure, but generally of a faint 
yellowish-green colour, seen especially when the crystals are large. 
The yield that can bo obtained with care is about 38 per cent, of the 
theoretical. When ethylic acetate is not added, the yield is much 
smaller, amounting to only about one-eighth of this. 

#9-Dmaphthyl can also be prepared directly from /?-naphthylamin e 
by the action of zinc dust on /3-diazonaphthalene sulphate dissolved 
in alcohol, although no satisfactory method of preparing it thus in 
quantity has yet been found. To obtain it, the /3-naphthylamine is 
dissolved in about 30 times its weight of alcohol to which 10 times 
its weight of sulphuric acid has previously been added $ the theoretical 
quantity of sodium nitrate in concentrated solution is stirred in, and 
the whole allowed to remain for twenty-four hours or so. The soln- 
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tion is then diluted with more alcohol, and an excess of zinc dust mixed 
with a very little powdered copper sulphate is added gradually, stirr- 
ing constantly ; after this, it is heated on the water hath for some 
time, then diluted with water, the alcohol completely distilled off, 
and the solid residue collected, dried, and extracted with hot benzene. 
From this, the hydrocarbon is obtained by distilling off the benzene 
and fractionating the residue. At first, naphthalene comes over, 
then a reddish-brown tarry substance, and finally a reddish-brown 
resin. 

$S-Dinaphtliyl crystallises out on dissolving these tarry and resinous 
fractions in a little hot benzene and allowing the thick solutions to 
stand for some hours. A yield of about 3 per cent, of the naphthyl- 
amine used can be obtained, but the method is not a convenient one 
on account of the largo quantity of alcohol that has to be used. 

/3/?-Dinaphtliyl crystallises in large colourless pearly plates, ap- 
parently rhombic, having a slight blue fluorescence. It dissolves 
easily in boiling benzene, xylene, and glacial acetic acid, and crystal- 
lises ont very completely on cooling ; in boiling alcohol, it is much 
less soluble, and only slightly so in chloroform and ether. It sublimes 
readily in little glistening leaflets, but is not volatile with steam. It 
melts sharply and constantly at 187-8° corr., or 183*5° uncon*. Its 
boiling point, determined with one of Bayly and Chorley’s high tem- 
perature thermometers, was found to he 452° (uncorr.) under a 
pressure of 753 mm. Its composition, determined by a combustion, 
and its molecular* weight, obtained from the depression of the freezing 
point of a benzene solution, agree very closely with those required for 
the formula C^Hu. 

0*2913 gave 1*0097 CO s and 0*1465 H a O. C = 94*53; H as 5*00. 

0 2w Hu requires 0 = 94*47 ; H = 5*52 per cent. 

0*5985 gram of hydrocarbon dissolved in 105*5 grams of benzene 
lowered the freezing point by 0*11° 0. 

The formula C 2 oHu requires 254; found, 252. 

NtyMhylna^iaphtMquirione, C 10 H 7 *C 1 oH 4 O i [2 : 1 : 4], 

To prepare this compound free from the diqninono, the hydrocarbon 
must be dissolved in a considerable excess of glacial acetic acid and 
the oxidation effected very rapidly. The following method of pro- 
cedure has been found advantageous: — The hydrocarbon is dissolved 
in about 150 times its weight of boiling glacial acetic acid, three 
times its weight of chromic acid dissolved in boiling glacial acetic 
acid is added rapidly, and the whole boiled gently for 10 minutes ; 
the hot solution is then poured immediately into a large quantity of 
•cold distilled water. The quinone separates almost at once as yellow 
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flocks, which, when collected and washed, have exactly the coloar 
and appearance of precipitated mercuric oxide. It can be purified by 
crystallising it a’ few times from alcohol or ethylic acetate, the 
crystals being larger when the latter is used ; by this treatment, the 
hydrocarbon is almost entirely converted into the quinone, only a 
very small quantity of phthalic acid being formed in addition. 

Kaphtbylnaphthaquinone melts at 177° and crystallises in very 
small, orange-yellow needles, generally aggregated into rosettes. It 
dissolves readily in alcohol, ethylic acetate, and glacial acetic acid, 
forming clear orange-coloured solutions from which it crystallises 
well ; it dissolves easily in benzene also, but does not crystallise well 
from tbis solvent. Its behaviour with sulphuric acid is character- 
istic ; it dissolves readily in cold, concentrated sulphuric acid, giving 
a deep indigo- blue solution, from which water precipitates tho 
qninone unchanged ; on being heated, or on standing, the blue colour 
changes to purple, and finally to reddish-brown, when dilution no 
longer causes a precipitate. When heated with aqueous potash in 
presence of air, it dissolves, forming a deep, claret-coloured solution of 
the potassium compound of a qninol. When in solution, the quinone 
is sensitive to light, which should be excluded in working with it. 
If a clear yellow solution of the quinone be exposed to sunlight for 
some days, the colour slowly changes to a deep brownish-red, and a 
light chocolate amorphous deposit forms on the walls of the vessel. 
This deposit softens and runs together at about 205°, dissolves in 
concentrated sulphuric acid forming a deep green solution, and only 
appeal's to be partially dissolved by hot, aqueous potash. A sufficient 
quantity for a careful examination was non available. 

A combustion (using lead chromate), and the depression of the 
freezing point of a benzene solution, prove that the qninone has tho 
composition 0 2 oHi 2 0 2 , whilst its structure is shown by its behaviour on 
treatment with potash, and the products of its subsequent oxidation, 

0*2073 gave 0*0455 CO a and 0*0828 H a O. 0 = 84*92 ; H = 4*44. 
CsoHiA requires 0 = 84*50 ; H = 4*23 pei* cent. 

0*3448 gram of the quinone dissolved in 33*2 grams of benzene 
lowered the freezing point 0*185°. 

Required for CjoHwOa 284; found, 275. 

Naplithybiaphthaqiiinol) Ci 0 H 7 *O l0 Hjt(OH) 2 [2:1: 4]. 

On reduction, the quinone is converted into a colourless quinol ; if 
the reduction is effected by zinc dust in a glacial acetic add solution, 
the quinone is first reduced to the quinol and finally to the hydro- 
carbon itself. When an alcoholic solution is heated with a solution 
of stannous chloride, it is at once decolorised, and on filtering into 
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water free from air, the quinol separates in colourless microscopic 
needles, which give a striated appearance to the shaken liquid. This 
compound melts at about 169 — 170°, and is reconverted into the 
quinone on oxidation. Oxidation only takes place slowly on exposing 
its solution to air, but is quickly effected by chromic acid. If dis- 
solved in benzene and allowed to stand exposed to the air, greenisli- 
brown needles are deposited, apparently of the quinhydronc. Tlio 
quinhydrone appears to be produced also when the quinone is heated 

a t 180 200° with an alcoholic solution of sulphur dioxide, the yellow 

solution changes to a greenish-brown, and blackish nodules are 
deposited on the sides of the tube. On evaporating the greenish- 
brown solution, a blackish residue is left which oxidises very slowly 
on exposure to air, but yields the quinone when dissolved in glacial 
acetic acid and oxidised by chromic acid. 


NapMhylhydroxy~a-naphthaqwnone , OH'CioHiO/CwHt [3 : 1 : 4 : 2]. 

This compound is obtained when naphthyl- a-naph thaquinone is 
dissolved in a hot, dilute potash solution, and then treated with an 
acid. To prepare it, the quinone, in a finely divided condition, best 
obtained by dissolving it in glacial acetic acid and precipitating by 
water, is suspended in a 5 per cent, solution of potassium hydroxide 
and heated on a water bath ; it slowly dissolves without any per- 
ceptible evolution of gas, forming a brownish-green liquid, the colour 
changing to a deep wine-red on standing in contact with air, or on 
shaking with it. The whole of the quinone never dissolves, a very 
small quantity of a black substance unacted on by the caustic 
potash always being left. On filtering, and slightly acidifying tlio 
deep crimson solution with hydrochloric acid, the naphthylhydroxy- 
naphthaquinone is thrown down as brownish- red flocks very much 
resembling ferric hydroxide, though somewhat lighter and browner 
in colour. The compound separates from alcohol in small, nodular 
aggregates, almost black when moist, but forming a bright rod 
powder when dry ; under the microscope, this is seen to consist of 
minute, apparently crystalline, particles, but no distinct crystals can 
be recognised. Potassium hydroxide, added to an alcoholic solution 
of the quinone, instantly turns it a deep chromium green, changing 
to brown on heating, and finally to a deep claret colour on exposure 
to air, 

Naphthylhydroxynaphth aquinon e is a light red, crystalline powder, 
readily soluble in alcohol, benzene, glacial acetic acid, and ethylic 
acetate. It appears to melt at 186 — 187°, but the point of fusion is 
very difficult to determine, owing to the dark colour of the substance 
and to the fact that it sinters when near its melting point. It dis- 

YOL. LXVn. 2 T 
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solves easily in cold, concentrated sulphuric acid, foxming a reddish - 
brown solution, and also in solutions of the alkali or alkaline earth 
hydroxides, giving deep claret coloured liquids. It appears to form a 
compound with acid sodium sulphite. Its composition and molecular 
weight show that it is derived from naphthyinaphthaquinone by the 
substitntion of a hydroxyl group for one of the hydrogen atoms m the 
quinone. 

0-2022 gram gave 0*5904 C0 2 and 0*0746 H 2 0. C = 79-63 ; H = 41. 
CioHt'CioH^OH) 0 2 requires O = 79 99 ; H = 4*01 per cent. 

The molecular weight was determined by Raoult’s method in 
benzene ; but, on account of the slight solubility of the compound, 
the observed depression was very small, and, consequently, the 
possible error large, but the result is sufficient to exclude any other 
interpretation of the analysis. 

0*0765 gram of the compound dissolved in 25-2 grams of benzene 
lowered the freezing point by 0-055°. 

Required for CsoH^Os, 300 ; found, 270. 

Naphthylhydroxynapthaquinone can be reduced to a colourless 
compound, probably a naphthyltrihydroxynaphthalene. On shaking 
the crimson alkaline solution of the hydroxyqninone with sodium 
amalgam the colour slowly changes to greenish-yellow ; but exposure 
to air instantly turns the solution deep crimson again. Hydrochloric 
acid, added to the yellow solution, precipitates a whitish, flocculent 
substance, not readily oxidised in the air, probably the trihydroxy- 
derivative ; this dissolves readily in alcohol to a pale yellow solution, 
from which the substance crystallises, but enough has not been 
obtained to examine closely. A drop of a solution of potassium hydr- 
oxide added to this substance in presence of air instantly dissoh es 
it, giving the crimson colour characteristic of the potassium compound 
of the hydroxyquinone. 

If naphthylhydroxynaphthaquinone be dissolved in a very small 
quantity of aqueous ammonia, and any excess removed by heating, a 
deep red solution is obtained from which silver nitrate precipitates 
a purple flocculent compound containing about 40*44 per cent, of 
silver. It is unlikely tbat the precipitate would carry down and 
retain any very large quantity of the precipitant, and the result seems 
to indicate that an imide is prodned on warming with the ammonia, 
and that a silver salt of this is actually obtained. 

C 1 oH 7 *0 1 oH 4 0(OAg)lS'Ag requires Ag= 42*08. Found, 40-44 per cent- 

This silver compound, on being heated, begins to decompose at 
about 180°, giving off a bright yellow substance, which solidifies to a 
very definitely crystalline mass on cooling. Only a very small 
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quantity could be obtained. It dissolves easily in hot alcohol, glacial 
acetic acid, and ethylic acetate, and crystallises out remarkably well 
from all these solvents in long, slender needles. It melts at 225°, and 
appears not to be attacked on being heated with a 5 per cent, solution 
of potassium hydroxide. 

Oxidation of NaphtJiylhydroxy-cc-iiaphtJiaquinoiie by Potassium 
Permanganate. 

A boiling alkaline solution of potassium permanganate readily 
oxidises the hydroxyquinone. It is dissolved in a dilute potash 
solution, heated or a water bath, and a solution of potassium per- 
manganate added with continual stirring till the crimson colonr just 
disappears. The liquid is then filtered from the oxide of manganese 
and extracted with ether; the yellow ethereal solution leaves a 
yellowish, viscid mass on distilling off the ether ; and this, on being 
dissolved in the smallest possible quantity of boiling water, deposits 
white crystalline flocks on cooling. This substance is somewhat 
soluble in hot water, very slightly in cold, and readily in alcohol or 
ether. After three recrystallisations from hot water, it melts at 
182 — 183°, and on distillation with soda-lime yields naphthalene. 
Sufficient was not obtained for analysis, but there seems no doubt 
that the substance obtained was /J-naphthoic acid. The filtrate from 
the /3-naphthoic ‘acid, on evaporation, yields a small residue of 
phthalic acid. 


fip-Dinaphthwliquinone, C lo H 5 02 'CiiJEI- > 02 . 

This quinone is produced when ftp- dinaphthyl, suspended in glacial 
acetic acid, is slowly oxidised by a considerable excess of chromic acid. 
It can bo obtained in the following manner, though the yield is very 
small, not exceeding a tenth of the theoretical, and large quantities 
of other products are formed, the chief being a brown, friable mans, 
apparently consisting of /9-naphthoic acid mixed with other substances 
of an acid nature, possibly q uinonecarboxylic acids, and a small 
quantity of phthalic acid, amounting to about one-twentieth of the 
weight of $8-dinaplithyl used. The hydrocarbon is suspended in 
about 50 times its weight of glacial acetic acid, and oxidised by fivb 
times its weight of chromic acid, also dissolved in glacial acetic acid 
and added in four portions, the solution being boiled for a few 
minutes after each addition, and allowed to cool and stand some hours 
before adding the next. To obtain the quinone, the liquid is poured 
ante about four times its bulk of distilled water, when the quinone sepa- 
rates in light, yellowish-browfi flocks. The din&phthadiquinone can 
be easily separated from tarry matters and any fcaphthylnaphtha- 

2 v 2 
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quinone that may remain, by repeated recrystallisatiou from alcohol, 
in which it is only very slighily soluble, whilst the other substances are 
very readily soluble. 

/3/3-Dinaphthadiquinone is a light-brown, somewhat earthy looking 
powder, the particles having no definite crystalline shape. It sepa- 
rates from all solvents as crusts round the sides of the flask, or in 
brown nodules. It is moderately soluble in boiling glacial acetic acid 
and benzene, slightly in hot alcohol. It melts at about 216 — 217°, 
but its actual point of fusion is difficult to observe, as the substance 
darkens very much in colour at about 210°, and sinters between 212° 
and 213°. Dissolved in alcohol and boiled with a solution of stannous 
chloride, it appears to be reduced to a quinone. It dissolves readily 
in cold concentrated sulphuric acid giving a deep orange coloured 
liquid which changes rapidly to greenish-brown and finally to olive- 
green, and on being heated becomes reddish-brown. Water repre- 
cipitates the quinone from the orange coloured solution, whilst the 
reddish-brown liquid obtained on heating remains dear on dilution. 
Light should be excluded in operations where the quinone is dissolved. 
When the brown solution of the quinone in alcohol is exposed to 
sunlight, its colour changes very rapidly to a brownish-red, while a 
dark solid, which appears not to be attacked by aqueous potassium 
hydroxide, is deposited. The quantity of quinone available was not 
sufficient to allow this action to he investigated. The dinaphtha- 
diquinone dissolves on heating with aqueous potash yielding a deep 
claret coloured solution from which acids precipitate a dihydroxydi- 
naphthadiqoinone as chief product. 

The composition of the substance agrees closely with that required 
by the formula CajHxoO*. 

0*2225 gave 0*6233 C0 2 and 0 0687 H a O. 0 = 76*4 ; H = 3*43. 

CkoHioO* requires C = 76 42; H = 3*19 per cent. 

Bihydro^pfi-ima^ht7iadiquinojie^ O w H 40 a (OH)-OioHiOa(OH). 

This compound is produced by an action exactly analogous to that 
yielding naphthylhydroxynaphthaquinone, that is, by dissolving the 
quinone in aqueous caustic potash and precipitating the hydroxy- 
derivative by an acid. The quinone is obtained in a finely divided 
condition by precipitating it from a glacial acetic acid solution by 
water; it is then heated on a water bath with a 5 per cent# solution 
of potassium hydroxide, when it slowly dissolves, forming a greenish- 
brown liquid which gradually changes to a deep claret colour as air 
obtains access. A small black residue always remains unattacked by 
the caustic potash ; this may possibly be due to some action of light 
on the quinone during the process. On filtering and making slightly 
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acid with hydrochloric acid, dihydroxydinaphthaquinone is thrown 
down as a bulky, very dark red, flocculent precipitate which is 
fractionally recrystallised from alcohol to free it from small quantities 
of tarry and more soluble substances formed at the same time. It 
separates from a hot alcoholic solution in red crusts, which, when dry, 
form a powder showing little trace ot crystalline form. 

Dihydroxydinaphthadiquinone is a dark red, almost black, powdor 
which gives a deep red streak on unglazed porcelain. It seems to 
melt at about 215°, but, owing to its dark colour the point of fnsion 
cannot be accurately observed ; it is easily soluble in glacial acetic 
acid, ethylic acetate, and alcohol. It dissolves easily in aqueous potash 
or soda giving deep, wine-red solutions, and also in concentrated sul- 
phuric acid colouring it a deep reddish-brown. 

Its composition shows that it has the formula CjjoHwOe, being de- 
rived from the dinaphthadiquinone by the displacement of two hydro- 
gen atoms by two hydroxyl groups, whilst its probable structure is 
indicated by the products of its oxidation. 

0*1928 gave 0*4935 CO a and 0*0562 H 2 0. C = 69*80 ; H = 3*24. 

CaoHioOe requires C — 69*35 ; H as 2*90 per cent. 

Through the kindness of Mr. O. E. Groves, I have been enabled to 
compare this quinone directly with the diquinone of the same com- 
position obtained by Stenhouse and Groves (/. Ghem. Soc., 1878, 33, 
415), from £-naphthaquinone, CioH 6 0 2 [1 : 2], by tho action of some- 
what dilute sulphuric acid and subsequent oxidation of tho quin- 
hydrone produced. Their dinaphthyl diquinone is of a bright orange 
colour, and resembles /9/3-dinaphtadiqainone in its sparing solubility in 
all ordinary solvents, but differs from it very markedly in all other 
points. It does not melt up to 300°, but darkens in colour and 
appears slightly to decompose. It dissolves easily in concentrated 
sulphuric acid, yielding a red solution, which is permanent at the 
ordinary temperature, but on heating the colour slowly changes, 
becoming successively green, bright blue, violet, and finally wine rod. 
It dissolves in boiling alcoholic potash, giving a green solution, which 
on dilution with water and heating in the air changes to brown, and 
finally to pale yellow ; the addition of an acid to the solution then 
throws down a yellow flocculent precipitate, very different in appear- 
ance from the dark red dihydroxy- ^-dinaphthadiquinone. 

Oxidation of dihydroc^diomjpkilmdiquirioobe. — In alkaline solution, it 
is readily oxidised if heated with a solution of potassium permanga- 
nate ; phthalic acid, carbon dioxide, and a very small quantity of a 
curious red substance unattacked by potassium permanganate being 
the only products observed. To carry out the oxidation, tho com- 
pound is dissolved in potash solution, heated to boiling and potassium 
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permanganate added until tlie crimson colour of the dihyclroxydi- 
naphthadiquinone solution disappears ; the filtrate is tlien acidifiod 
and extracted with ether. A considerable quantity of phthalic acid 
is formed, and in addition a very small quantity of a bright rod solid, 
insoluble in water but readily soluble in ether, giving a bright red 
solution; the quantity obtained was not sufficient to ascertain its 
melting point. It dissolves in aqueous potasb, giving a brown solu- 
tion which is not changed Ly hoilmg with potassium permanganate. 
On adding hydrochloric acid to the brown liquid, the compound 
is reprecipitated in bright carmine-red flocks. 

The author is engaged in investigating the sulphonic acids of 
/3/3-dinaphthyl and on the synthesis of a£-dinaphthyl, and hopes to 
communicate the results to the Society, 

Qhemical Laboratory , 

St. Bartholomew's Hospital, E G. 


LXXII . — A Comparison of some Properties of Acetic 
acid and its Chloro - and Bromo-derivatives. 

By Spexveb Umfreville Picketing, F.R.S. 

In a recent communication to this Society (Trans., 1894, 65, 402) 
Dr. Perkin alluded to the differences in the thermal behaviour of 
acetic acid and its cbloro-derivatives when dissolved in water, the 
heat evolved increasing rapidly with the extent to which chlorine is 
substituted far the hydrogen.* The observations, however, on which 
this statement was based were only of a rough character, and it 
appeared desirable that more exact measurements of the heat of 
dissolution should be made. 

Since the mono- and trichloracetic acids are solid at ordinary 
temperatures, their heat of dissolution in the liquid condition — in 
which condition alone the results would he satisfactorily comparable 
with each other— must be deduced from their heat of dissolution as 
solids by means of the heat of fusion ; it was necessary, therefore, tc 
determine the latter, and, as the heat of fusion at temperatures other 
than that of normal fnsion was required, it was necessary also to 
determine the heat capacity both in the solid and in the liquid con- 
ditions. These three properties were measured in the case of all foui* 
acids, so as to afford further information respecting the whole series. 

* It is not quite correct, however, that liquid acetic acid dissolves with absorp- 
tion of heat: the heat disturbance at all ordinary temperatures is a small positive 
quantity. 
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Series of freezing-point determinations were also made in the case 
of all the acids. 

With tlic brominated acids, the determinations were confined to 
the heat of dissolution in the solid condition. 

Heat Capacity and Heat of Fusion . 

The heat capacity and heat of fusion were determined in the same 
manner as that described in the Proc . Boy. Soc. 9 1890, 49, 15, the 
substance being heated to the required temperature in a platinum 
bottle and then plunged into the calorimeter. A single experiment 
will suffice for the determination of the heat capacity in the case 
where the cooling (or heating) is accompanied by no change of con- 
dition ; but if a change, such as solidification, occurs, two determina- 
tions, starting with the contents of the bottle at different temperatures, 
are necessary, tho difference between the heat evolved giving the 
heat capacity of tho liquid between the two initial temperatures. 
Having determined this, and also the heat capacity in the solid con- 
dition, the heat of fusion may be deduced from one or other of the 
determinations. 

The average mean error in tlie present determinations is 3*7 per 
cent, of the values obtained : it is higher than usual in such cases, 
owing to there being one exceptional value (with liquid chloracetic 
acid), the omission of which would reduce the error to nearly half 
this quantity. 

The experimental details are given iu Table I, and the final results in 
Table II (pp. 676 — 677). If t and t' are the initial and final tempera- 
tures of the calorimeter, T the initial temperature of the bottle, W the 
water equivalent of the calorimeter and its contents, w l that of the 
bottle and the thermometer in it, and io the weight of substance in the 
bottle, tho heat capacity per gram of substance is, in a case where no 

change of state has occurred, -(j— ( iT* ^)l 0 or in a case 

where a change of state has occurred ibis — 

L w 

— -j- (t— t x ). In all cases, duplicate deterrai- 

*0i J 

nations, at as nearly as possible the samo temperature, wore made. 

Although it does not seem to be generally known, it has been well 
established that solid chloracetic acid exists in two modifications, one 
having a freezing-point of 61' 18° (according to my own determina- 
tions) tho othor one of 56'01°. This fact was first noticed by Tollene 
(Ber., 1884, 17, 665), and the heat of conversion of the one into the 
other has been measured by Tanatar, who determined tho heat of 
dissolution of each form (J. "Russ. Ohem. Sog., 1892, 24, 694). There 
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are yet other modifications as will he stated below. The molten acid 
generally crystallises at 56*01° in the /8-form, but on partially melting 
any acid which has been kept for some length of time its freezing- 
point, from causes to be mentioned shortly, will be found to be that 
of the a-form, 61*18°. The existence of these modifications intro- 
duces some uncertainty into the determinations with the acid, 
especially as, although the platinum bottle contains a thermometer, 
this cannot be stirred in it during the cooling, and hence the temper- 
ature at which solidification is occurring cannot be ascertained 
accurately. On working out the results (expts. 7, 8, 9, 12, and 13) 
it was found that in one of the three determinations with an initial 
temperature of 75 — 76°, namely, in expt. 12, a notably smaller evolu- 
tion of heat had occurred than in the other two, and that, similarly, 
in one of the two determinations with an initial temperature of 
56—57°,* namely, in expt. 13, that the heat evolved was considerably 
less than in the other. It was assumed that iu those cases where 
more heat had been evolved, that the a-form had crystallised at 
61*18°, and that in the others the /3-form, crystallising at 56*01°, had 
separated, Tanatar’s determinations having shown that the heat of 
formation of the former is greater than that of the latter. The 
correctness of this supposition was proved by the fact that the three 
determinations in which the larger heat of evolution was observed 
(7, 8, and 9) when combined together, led to the same value for the 
heat capacity of the liquid acid as did the two determinations with the 
smaller evolution (12 and 13 ; see Table II). This, however, it must 
be remarked, simply proves that the two sets of determinations are 
concordant in themselves, and that the greater evolution of heat in 
certain cases is not due to error ; it does not prove that the freezing- 
points taken in the calculations are necessarily correct, for, the heat 
capacity of the liquid being deduced from the difference between two 
determinations, the results will not be appreciably affected if any 
alteration is made in the freezing-point in the two cases; in the 
same way, the results obtained are practically independent of the 
value taken for the heat capacity of the solid acid, and this need not 
be the same in the case of both forms of the acid, as was assumed in 
the calculations. 

The heat of fusion deduced for the a-form is 3895 cal. at 61*18°, 
and for the /8-form it is 3330 cal. at 56*01° : reducing the former to the 
same temperature as the latter — 56*01° — it becomes 3868 cal., and 
hence the conversion of the /8- into the a-forca evolves 538 cal. 
Tanatar’s heat of dissolution determinations lead to 700 cal. as the 
value of this change, a sufficiently close concordance, considering 

* The acid was in a liquid condition at these temperatures, although below the 
normal melting point of tho a-form. 
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that different methods were employed, and that his value applies to 
the temperature of 20° instead ot 56 01°. 

One determination (14) of the heat capacity of the solid mono- 
chloracetic acid gave a very different value from the other two ; it is 
possible that in this case the acid was in the /5-form ; but in the 
absence of any confirmatory evidence it would not be safe to draw 
any such conclusions. 

The freezing-point of dichloracetic acid was found to be 10 8°; 
the only statement heretofore existing respecting it being that it 
solidifies below 0°. 

It was found that acetic acid took too long a time in fusing or 
solidifying when in the bottle in the calorimeter to permit of its 
heat of fusion being accurately determined in that manner. It was 
determined, therefore, by measuring its heat of dissolution at I3'6 n , 
both in the liquid and solid condition (Table III). These results 
give 2626 cal. as the heat of fusion at this temperature. This value 
is in fair agreement with Petterson’s value of 2660 cal. at 8° to 5*5° 
obtained by direct determination (K. Q es ells cli aft. der Wissenschaften 
zu Upsala, May, 1879, 36), and with Berthelot’s, obtained in the 
same manner as that here described, of 2530 cal. at 7° ( Gompt . rend., 
1873, 77, 26). Reduced to a temperature of 16*9°, by means of the 
beat capacities given in Table II, these determinations give 


Berthelot 2642 cal. at 16*9°. 

Petterson 2779 „ „ 


Pickering 2657 „ „ 

Petterson also determined the heat capacity of the liquid acid (/. pr 
Ohem ., 1881, [2], 24, 293). The value which he found, 28*74 from 0 
to 47 c , and 29*82 from 0° to 100°, differed so much from my own that 
it was thought advisable to make a fresh determination with an 
entirely different sample of acid. This other sample, however, gave 
identical results: 32*556, as against 32*694 with the first sample; 
and so also with the solid acid, 23*352 was obtained with the second 
sample of acid, 23*130 with the first (Table 111, p. 678) : there is, 
therefore, no ground for discrediting the present values. The 
differences between the heat capacities in the liquid and solid con- 
ditions, C — c in the table, gives the rate at which the heat of fusion 
varies with the temperature ; if C—c is positive the heat of fusion 
increases with the temperatnre, and vice versd. 

Heat of Dissolution . 

The results are given in Table III, the values being deduced by 
means of the equation (i'-/)WM/«f, in which M represents the 
molecular weight, and the other letteis have the same signification 
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as before. Tbe values for acetic acid at 18*5° have already been 
given in the Phil Mag., 1892, 34, 35 : they apply to a temperature 
3° higher than the others. 

To obtain the values for infinite dilution, the acid taken was 
added to the calorimetric water in three successive poi'tions, and the 
heat of dissolution at three different strengths was thus obtained. 
On plotting out the values against the weight of substances taken, 
the figure can be extended with a fair degree of certainly to the zero 
point (infinite dilnticn), and, although extrapolation is always objec- 
tionable, the values thus obtained are more correct for purposes of com- 
parison than those which apply to some arbitrarily selected state of 
dilution. The three weights given under w for each substance repre- 
sent the total amounts added after the one, two and three additions 
respectively, and, similarly, t' — t represents the total rise of tem- 
perature above the first initial temperature. Tbe heat capacity of 
the liquid in the calorimeter was taken to be equivalent to that of 
the water (600 grams) + the acid added when regarded as liquid. 

In the case of acetic acid and dichloracetic acid, it will be seen that 
the values increase somewhat rapidly with the dilution, and indicate 
a value at infinite dilution greater than any obtained in the actual 
determinations : with mono- and tri-chloracetic acids, on the other 
hand, constancy appears to have been reached in the determinations, 
in the former case at a dilution of 200H a O or less, in the latter at a 
dilution of about 500H>0 

The values for the heat of dissolution of liquid acetic acid show 
an increase with fall of temperature; this is the reverse of what 
generally occurs with a substance e^ohing heat on dissolution. 
Determinations have been made by Berthelot {he. cit ) which lead to 
the same conclusion, and which, moreovci*, are in good agreement 
with the present determinations. With 1 gram-molecular proportion 
of the acid in 200H a O, we get — 


whence 


At 23*0° 240 cal. . 

Berthelot, 

„ 18-5 275 



Pickering, 

„ 13-6 367 

»> * * * 

Pickering, 

„ 7-0 400 


Berthelot, 

15-5 131”> 

77 

Berthelot, 

” 1330 

*7 

Pickering. 


The heat of dissolution of the three bromacetic acids was determined 
in the solid condition. The values, however, with the dibrom-aeid 
are of doubtful accuracy. Its extremely hygroscopic nature rendered 
it impossible to dry it even over phosphoric anhydride in a vacuum, 
and the amount of material available was not sufficient to permit of 
very satisfactory fractionation by distillation under reduced pressure. 
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Dr. Perkin, who was good enough to perform this fractionation, 
obtained three fractions with the following boiling- and freezing- 
points. 


Boiling-point. 

194*0 — 195'5 C 
195*5—197*0 
197*0—199*0 


Freezing-point. 

30*6° 

36*0 

37*8 


These were nsed in the three determinations given in Tabic 111, 
but it is probable that even the last sample was not quite anhydrous, 
as its freezing-point is not so high as that given by Hofmann (53°). 
There was also not sufficient of the sample to admit of determinations 
with different quantities of water, so that the value for infinite dilu- 
tion could not bo estimated. It is probable that with a perfectly 
anhydrous acid, the heat of dissolution in infinity of water would be 
a very small negative quantity. 


Freezing-points. 

These were determined in older to ascertain whether any of the 
acids formed crystalline hydrates. No such hydrates were isolated, 
but the results proved to be of considerable interest in other respects. 
They arc given in Tables IV and V, and in Figs. I, II and III. Those 
with acetic acid have already been published in the Transactions, 
(1893, 63, 1018, 1026). 

In the case of monochloracetic acid, we have the two modifications 
previously mentioned, the a with a freezing-point of 61*18°, and the 
fi with a freezing-point of 56*01°, and these two modifications can be 
obtained, not only from the liquid acid, but also from its solutions, so 
that we get two distinct freezing-point curves, one uniformly lower 
than the other, according to \\ bich of tlio two modifications crystallisos. 
For the second scries of dcteiminations given in Table IV (p, 679), 
the two freezing-points were obtained from each different stmigth 
of solutions used ; by allowing the liquid to cool and crystallise 
spontaneously, the ^-modification was invariably obtained (in this 
series), while the introduction of a trace of the a-modification--* 
some of the solid acid which had been kept for some time — caused 
tbe crystals to change into the a-fonn, the temperature rising 
immediately, and giving the freezing-point of the latter modification. 
The freezing-points of the a-modification in this series aie marked by 
crosses in Fig. I, and those of the p by dots enclosed in circles. It 
will be seen that the two curves are nearly parallel throughout, there 
being a fairly constant difference of 4° to 6° between them. 

On drawing Dr. Perkin’s attention to tbe existence of these two 
freezing-points, he was kind enough to verify my observations in the 
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case of the anhydrous acid, and he also made the observation that 
there possibly existed a third modification. He said : “ If the acid 
be melted in a test-tube and then immersed in cold water nearly to 
the top of the fused acid, so that its walls are covered with a crystal- 
line coating, the crystals continue to slowly grow, the thermometer 
being as low as 45—46°. If now a crystal of the 61° freezing-point 
acid be added to the surface it immediately becomes opaque, and in a 
few seconds the whole is solid, the thermometer rising above 61°/* 
As I failed to verify this observation of a freezing-point of 45 — 46° 
with the sample of acid then in my possession, I attributed (as 
also Dr. Perkin did subsequently) the low temperature observed to 
a supercooling of the thermometer, owing to its having been held 
stationary in the liquid ; but on working out the results of a previous 
series of freezing-points made with another sample of acid, it appeared 
that Dr. Perkin's observation was correct, and that a third modifica- 
tion existed in reality. This series (Series I in Table IV) is shown 
in Pig. I by simple dots. The first two observations, it will be seen, 
evidently refer to the crystallisation of the ^-modification ; there is 
then one anomalous point at 96 per cent., followed by four others 
which lie on a perfectly regular curve, parallel to, but considerably 
lower than the curve of the a- and ^-modifications. On producing 
this curve back to the origin, we get 42*7° indicated as the freezing- 
point of the corresponding acid, a temperature which agrees very 
well with Dr. Perkin’s observations. 

It, moreover, appeared to me that the anomalous point at 96 pei* 
cent, above mentioned could scarcely be attributed to any experimental 
error, and in the presence of the fact that three modifications were 
already known, it did not seem unreasonable to conjecture that this 
point might refer to the crystallisation of a fourth. On drawing a 
line through it, parallel to the other curves, the freezing-point of 
this supposed fourth modification would probably be about 50°. It 
occurred to me then that on first determining the freezing point of 
chloracetic acid (the same sample as that used in Series I), I had 
obtained certain anomalous results, which, being at the time inex- 
plicable, 1 had discarded as erroneous. The observations — each of 
them an independent one — were as follows. 


Freezing-point 

»» 

» 

VI 


43-65° 

43-85 

60-05 

50-05 

55-90 

55- 70 

56- 10 


J 43-75° 
J 50-05 

j-55-90 
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The last three of these evidently refer to the /5-modification (f. p. 
56*01°), and the first two to the ^-modification subsequently obtained 
by Dr. Perkin, whilst the intermediate ones agree perfectly with the 
indication afforded by the freezing-point at 96 per cent, in Series I. 
There can be little doubt, therefore, but that we have as many as 
four distinct crystalline modifications of chloracetic acid. 


a-freezing-point .... 

.. 61*18° \ 

Difference. 

5*17° 

*» . . • • 

.. 66*01 J 

7 - „ • * • • 

.. 50*05 

5*96 

5- ,, •• •• 

.. 43*75 

6*30 


The differences between their freezing-points show a gradual 
increase as we descend in the series, but are not far from being con- 
stant throughout. The a, which is evidently the most stable form, 
crystallises in transparent prisms, the /3 in tables, and the S in 
laminae. The appearance of the 7 -form was not specially noticed. 

Attempts were then made to ascertain the circumstances under 
which these various modifications separated from the liquid acid. It 
was found in this case, as in that of the hydrates of soda (Trans., 1893, 
63, 890), that slow cooling without agitating the liquid is most 
favourable to the crystallisation of the substance with the lowest 
freezing-point, whereas rapid or excessive cooling, or agitation, 
ensures the crystallisation of the substance with the higher freezing- 
point. In the case of chloracetic acid, gentle and careful cooling 
produces the crystallisation of the 7 -modification, melting at 50*05° ; 
and on cooling this further, as by plunging tho containing vessel into 
cold water, or on rubbing the inside of the vessel with the thermo- 
meter, it becomes opaque and converted into the ^-modification 
melting at 56*01°. If a solution, instead of a pure acidi, is taken, the 
existence of the 7 -modification becomes more transitory, and more 
and more so as the amount of water added is greater. To obtain the 
a-modification, melting at 61*18°, excessive cooling, such as placing the 
containing tube in liquid nitrous oxide, was found to bo necessary, and 
this method was always effectual ; it was also found that the form 
was produced by the rapid condensation of the vapour of tho acid, 
and hence, on keeping some of the acid in a bottle it becomes con- 
verted into this form, although the change is not brought about 
directly by the lapse of time, as was proved by keeping the acid in a 
vessel which it completely filled, and where condensation of vaponr 
was prevented. 

Any modification in the treatment of the liquid, prior to allowing 
it to crystallise, appeared to have no infiuenco on the nature of the 
crystallisation, and these three modifications wero obtained in the 
manner described with absolute certainty as often as was desired. 
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The samples of acid (two in number) used in the latter experi- 
ments were different from those used for the freezing-point deter- 
minations, and from them it was found impossible to obtain the 
7-modification. In view of the previous results, confirmed by Dr. 
Perkin’s observation, and the fact that a whole series of freezing-points 
of this modification had been obtained, it is impossible to doubt its 
existence, and we can only conclude that some condition of pnrity or 
impurity is necessary for its formation. Unfortunately the sample of 
acid from which it had been obtained was used up before the exist- 
ence of these various modifications had been realised . 

Similar methods were adopted in examining the other chlorinated 
derivatives of acetic acid, and also acetic acid itself and its bromo- 
derivatives, to see if any of them formed other modifications, but 
without success in any case. 

The results with the acids at present under examination were in no 
case sufficiently numerous to satisfactorily prove any changes of cnr- 
vature which may exist, but it is impossible not to be struck by the 
fact that there seems to he a very marked change of curvature in 
the case of trichloracetic acid at a composition represented by an equal 
number of molecules of the acid and of water (Fig. III). 

In the case of the weaker solutions, mono- and dichloracetic acids 
both suggest a change at the same point, namely, 5 or 6 mols. of 
water to one of acid (17 and 16 mols. of acid to 100H 2 0), while 
with the trichlor-acld the results appear to be more complicated. 

Comparison of the Properties. 

Table VI gives a comparative view of the properties here examined, 
together with three others previously known. 

The first step in the chlorination of acetic acid might be reasonably 
expected to produce a greater alteration in the properties o£ the acid 
than subsequent steps do, acetic acid thus appearing to be the excep- 
tional member of the series ; this, as is well known, is conspicuously 
so in the case of the boiling-points, where the introduction of the first 
atom of chlorine produces a rise of 71°, and the other two a rise of 
only 5° and 2° respectively. A similarly exceptional position is 
assigned to acetic acid by some of the other properties, hut not by all 
of them. The heat capacity in the liquid condition does so especially, 
the values for the three Chlorinated acids lying on a straight line 
(differences equal), whereas acetic acid lies considerably off this 
line. The sp. gr. and the heat of dissolution in the liquid condition 
show a similar behaviour, though in a less marked manner, the 
differences between the mono- and dichlorinated acids being rather 
larger than those between the di- and the trichlorinated acids, though 
in both cases these differences are approximately equal as compared 
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with the difference between acetic acid and its monochlorinated 
derivative. These properties it will be noticed ail refer to the sub- 
stances in the liquid condition, and we might have expected the 
magnetic rotations to behave similarly, since they also apply to the 
liquids ; but the values do not appear to me to justify such a con- 
clusion, and, taken as they stand, they would seem to indicate that 
acetic acid and its di-derivative are analogous, while the mono- and 
trichlorinated derivatives are also analogous, the difference between 
the values for the first pair being 2*768 and between the second pair 
2*570; a similar arrangement into pairs is noticeable in the case of 
the freezing-points, where we have 17° and 11 J on the one hand, and 
61° and 59° on the other ; and the same has already been noticed in 
the beat ot dilution, where we get the heat evolved extending to great 
dilutions in the case of acetic acid and dichloracetic acid, but becoming 
soon constant in the case of the mono- and trichlor-acids. We have, 
therefore, four properties assigning an exceptional position to acetic 
acid, and three properties indicating a close relationship between the 
alternate members of the series. 

The properties given in the third portion of Table VI (p. 682) deal 
with the acids in the solid condition. The heat capacity of the solids, 
especially when we consider the values per unit weight, indicate an 
exceptional position for acetic acid, whereas the heat of fusion, 
reduced to a temperature ot 15*3°, indicates no simple relationship at 
all between the acids. The heat of fusion of the monochlor-acid is 
evidently exceptionally high for its place in the scries, but that may 
be due to its existence in several different forms, and it is to the one 
with the largest heat of fusion that the numbers quoted refer ; one of 
those with a smaller heat of fusion would evidently fit into the series 
better, and it is, therefore, probable that it is one of those --probably 
the 7- or 5-acid — which is comparable in the solid state with the 
other members of this serioR. 

The difference between the heat capacities of the acids in the two 
conditions (0 — c) is also given in tlie tabic, and is worthy of atten- 
tion, inasmuch as it is the only property which iudieates a simple 
relationship betweeu all the members of the series. The differences 
between the consecutive values give numbers which lie on a straight 
line well within the limits of experimental error, and hence the 
values themselves form a parabola of the simplost order. Too ranch 
stress, however, must not be laid on this point, owing to a peculiarity 
in some of the values for 0 — c. In two cases they are negative, and, 
being such, it is doubtful how far they represent the true facts of the 
case. The heat capacity of the solid being greater than that of the 
liquid (0 — c negative) meanb that the heat of fusion increases with 
fall of temperature, and that there will he no temperature, however 
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low, at which crystallisation is impossible (see JP roc. Roy . Soi , 49, 
11). Snch an exceptional behaviour has been attributed in the few 
cases where it has been noticed to the apparent value for the heat 
capacity of the solid being abnormally high, owing to its including 
part of the heat of fusion, the fusion in such a case being of a gradual 
nature, extending over an appreciable range of temperature. Such 
an explanation, however, can hardly hold good in the present cases of 
the di- and trichloracetic acids, since their heat capacity was deter- 
mined at temperatures considerably below their freezing-points. 
Another possible explanation, however, is that the heat capacities 
vary considerably with temperature, and that as the determinations 
with the solids and liquids were not made at the same temperature 
they are not strictly comparable. This would obviate the difficulty 
that there seems to be in understanding the meaning of a negative 
value for C — • c, but, on the other hand, if we adopt it, we must 
conclude that the simple relationship shown by the series at present 
under examination is accidental. The subject certainly deserves 
further investigation. 

The molecular depression of the freezing-point of water by the acids, 
and of those of the acids by water, each at two different strengths, 
is given in the table. The values, however, it must be remembered, 
have no pretensions to much accuracy* The depression of the freezing- 
point of water by the acids is approximately normal, except in the 
case of the trichlorinated acid, where it is exceptionally high, and in 
every case it decreases considerably with an increase in the water 
added. A similar decrease is observed in the molecular depression of 
the freezing-points of the acids by water. The values obtained for 
weak solutions do not agree well with those calculated according to 
van’fc Hoff’s formula (given in the table), but it is probable that they 
would do so better if still weaker solutions had been investigated. 
This at any rate is the case with acetic acid, where such solutions 
have been examined. It is only in the case of the trichlorinated acid 
that such an agreement would £eem to be impossible. 

It will be noticed, especially on examining Fig. 2, that the depres- 
sion of the freezing-point of water by all the acids is represented by 
a wavy curve, except perhaps in the case of acetic acid, and that this 
waviness becomes more pronounced the higher the degree of chlori- 
nation. 

Table YII gives the values for the heat of dissolution of the solid 
bromacetio acids, and, for the sake of comparison, those of the solid 
chloracetic acids. The latter, of course, will exhibit the peculiarity 
noticed in the heat of fusion, chloracetic acid giving an exceptionally 
large (negative) valne, and it is a point of special interest to note 
that bxomacetic acid appears to hold a precisely similar exceptional 



AND ITS OHLORO- AND BROMO-DERIVATIVES, 


675 


position in its series ; indeed all the differences between the values 
for the brominated acids are strikingly analogous to those between 
the values for the chlorinated acids, although they are all appreciably 
smaller. This would lead us to the inference that bromacetic acid 
also exists in several modifications, the one here examined being that 
corresponding to the o-chloracetic acid, yet, as has been mentioned, 
all attempts to prepare other modifications of bromacetic acid failed. 


Table I . — Determination of the Meat Capacity and Seat of Fusion. 

Water equivalent of bottle, &c. = 2*43 grams = w'. 

„ „ calorimeter, &c. = 606*56 grams = W. 


Substance. 

Freezing 

point. 

Weight 
taken, to. 

r. 

B 

t'-t. 

I. 

Acetic acid 

10-91° 

32 -80 

01-54 

16-35 

1 510° 

2. 

)i 

if 

99 

62-00 

16-20 

1*542 

27. 

» 

if 

31 *53 

69-21 

13-65 

1-765 

28. 

ji 

99 

99 . 

69*49 

14*52 

1-777 

5. 


» 

30-47 

-16*21 

12*83 

0-668 

6. 


99 

99 

-13 -74 

12 *62 

0-626 

29. 

» 

99 

34-52 

-16-07 

12-00 

0-728 

30. 


99 

99 

-14*98 

11-98 

0-712 

7. 

Monochloracetic acid 

61 *18 

42*54 

75-83 

19-33 

4-747 

8. 

99 

99 

99 

75-41 

19-53 

4-666 

0. 

w 

99 

99 

57-14* 

18*62 

3-983 

10. 

99 

99 

99 

41-60 

15 *88 

0-815 

11. 

99 

99 

99 

45*54 

14*88 

0-905 

12. 

» 

56*01 

J» 

76-05 

18-63 

4-281 

13. 

99 

99 

99 

55 *88* 

17-65 

3-598 

14. 

9> 

P 

99 

45-27 

15 -43 

0-967 

15. 

Dichloracetic acid. . . . 

10-80 

41-48 

50-16 

18-18 

0-961 

16. 

,, . * • • 

99 

99 

50*40 

18-77 

0-960 

17. 

99 

91 

99 

3-76 

16-19 

1-357 

18. 

99 .... 

>9 

99 

3*16 

16*50 

1-380 

19. 

99 .... 

99 

99 

-19-03 

14-55 

2-027 

20. 

99 • • 4 • 

99 

99 

-20-86 

15-57 

2-122 

21. 

Trichloracetic acid. , . 

59-10 

49-03 

82-13 

17-55 

3-174 

22. 

,, .... 

99 

99 

83-17 

17-28 

3-202 

23. 

» •• • • 

99 

99 

61-30 

17-29 

2-502 

24. 

99 

99 

99 

61-08 

17-00 

2-485 

25. 

„ a • • • 

99 

99 

47 -U 

15-53 

1*259 

26. 


99 

9) 

47 -43 

15-88 

1-318 


* Liquid (superf used) at commencement of the determination. 
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Table II . — Beat Capacity and Beat of Fusion Remits. 
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* 'From the heat of dissolution determinations at 13 6°, Table III. These give the heat of fusion at 13 6° to be 2626 cal. 
f These Tallies give the heat of fusion at the normal melting point. At the initial tempei attire of the determination (67*14°), they 
are 40*961 and 88*969 respectively. 

J At the initial temperature of the determination (66 *88°), these numbers are 35*229 and 3329 6 respectively. 
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Table III . — Seat of Dissolution j Results. 


Substance. 

Weiglit 

talen, 

it. 

Solvent. 

"Water 
equiv. of 
solvent and 
apparatus, 
W. 

t . 

if -t. 

Mol. heat of 
dissolution 

CHyCOOH, 
liquid ...... 

4-571 

411H.0 

■ 

18 *5 

0*044° 

328 


9 105 

207H«O 


» 

0 081 

275 

|| 

13 -619 

139H.O 

569 *30 

j> 

0*116 

268 




x F 2 0 

— 

>> 

— 

455 


10*13 

197B 2 0 

611*83 

13 *60 

■tPPIM 

865 1.367 

s | 

10*16 

198H s O 

611 *81 

if 

0-1015 

370 J* D/ 

CHj COOH, 







solid 

10*08 

19SH s O 

611-78 

13 *60 

-0*6251 

—22761 _2259 


9*36 

214H a O 

611-43 

>» 

-0-5723 

-2242 J 

CH,Cl-COOH, 







solid 

3*621 

870F 2 O 

607-45 

15*54 

-0 211 

-3351 1 


7 965 

396H s O 

609*03 

» 

-0*463 

—3347 }■ -3352 


15 981 

197H.O 

611*95 

» 

-0*928 

-3357 J 


— 

x HoO 

— 


— 

-3352 

CH 2 Cl-COOH, 







liquid 

— * 

oc H 2 0 

— 

» 

— 

+270 

CHClrCOOH, 







liquid. 

5*539 

776H 2 0 

608-25 

15*88 

0 196 

2770 


10*817 

398H 2 0 

610*27 

» 

0-355 

2584 


21 922 

196H 2 0 

614 52 

» 

0-637 

2303 

|| 

— 

x H 2 0 

— 

s> 



2930 

CCVCOOH, 







solid 

5 820 

936H 2 0 

608*23 

15 *31 


2697 1 o>7Q2 


10*963 

498H 2 0 

610*08 


0-298 

2706 J 


22*210 

245H 2 0 

614 *13 


0-553 

2505 


— 

x n 2 o 

— 

a 

— 

2702 

cci 4 -cooh. 







liquid 

— 

x h 2 o 

— 

it 

— 

5277 

CHjBr COOH, 







solid 

6*527 

712H 2 0 

008*93 

15-45 

-0*242 

-3143 


12 679 

365H„0 

611*60 

a 


-3213 


23-321 

199H 2 0 

616*18 

» 

-0-001 

-3308 

|| 

— 

x H 2 0 

— 


— 

-3063 

CHBisCOOH, 







solid 

19-958* 

3C4H 5 0 

616*11 

15*32 

— 0*0i2 

- 281 


15 *167i 

479H s O 

613 70 

15*27 

-0*102 

- 899 


10-211J 

712H 2 0 

611*23 

15*28 

-0 063 

- 818 

GHBiyCOOH, 







solid 

12 *390 

799H.O 

612 32 

15-16 

0 014 

626 

93 

23*762 

417H s O 

618 00 

»> 

0 062 

475 

99 

48 075 

206H 2 0 

630*15 

n 

0 068 

251 

99 


x H 2 0 

_ 

a 

i 

840 


* Sample III. 


f Sample II. 


t Sample I. 













Table IV. — Freezing-points of Solution of Monochloracetic acid. 
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* At 1*G rnols. the molecular depression is 0 6°. 
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FIG. I. 

FREEZING-POINTS OF SOLUTIONS OF ACETIC 
PLOTTED AGAINST PERCENTAGE 
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Table VII . — Heat of Dissolution per Gram-Molecule of the Solid 
Acids at about 15° in cc H 2 0. 


Acid. 

Heat of dissolution. 

Acid. 

Heat of dissolution. 

A M . t .. .. .. 

-2223 

-1129 

-3352 

44G8 

1116 

1536 

2702 

Acetic . . 

-2223 

-810 

-30G3 

2782 

(-281) 

1121 

810 

Diff... 

Chloracptift . . .... 

Diff... 
Bromacetio 

Diff.. , 
Dichloraceti? .... 

Diff... 
Trichloracetic. . . . 

Diff... 
Dibromacefcie. . . . 

Diff... 
Tribromacetic . . . 


Fig. 2. — Depression of the Freezing-point of Water by the Adds. 
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LXXIII — Helnm, a Constituent of certain Minerals 
By William Ramsay, F.B.S., J. Nokman Collil, Ph D , and Morris 

Tracers, B.Sc. 


Ted gas obtained from the mineral eleveite, of which a preliminary 
account has been communicated to the Royal Society (Proc., May 2nd, 
3895), has been the subject of our investigation since the middle oi 
April. Although much still remains to be done, enough information 
has been gained to make us beljie ve that an account of our experiments, 
so far as they have gone, will /be received with interest. 

We have attempted to ascertain, in the first place, from what 
minerals this gas, showing a yellow line almost, if not quite, identical 
in wave-length with the line )D 3 of the chromospheric spectrum, and 
to which one of us has provisionally given the name “ helium ” — a 
name applied by Professors JLockyer and Frankland some 30 years 
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ago to a hypothetical solar element, characterised by the yellow line 
D 8 of wave-length 5875*082 (Rowland). We may state at once that 
it is not onr purpose to attempt to provo this coincidence, but willingly 
to leave the subject to those who are more practised in such measure- 
ments. 

We propose therefore, first, to discuss the terrestrial sources of this 
gas ; second, to describe experiments on products from several sources ; 
and last, to propound some general views on the nature of this curious 
substance. 

I. The Sources of Helium. 

It is usual in a memoir of this kind to cite previous work on the 
subject. It would be foreign to our purpose to discuss observations 
on the solar spectrum ; our memoir deals with terrestrial helium. 
And we have been able to find only one short note of a few lines on 
the subject; it is a statement by Signor Palmieri (Bend. Acc. di 
Napoli, 20, 233), that on examining a lava-like product ejected by 
Vesuvius, he found a soft substance which gave a yellow spectral line 
of wave-length 587*5 ; he promised further researches, but, so far as 
we know, he did not fulfil his promise He does not give any details 
as to how he examined the mineral. 

An account has already been giveln in Part I of Dr. Hillebrand’s 
investigations on the gases occluds^jby various uraniuites which he 
was so unfortunate as to mistake foul nitrogen. Dr. Hillebrand was 
so kind as to supply us with a fai] * quantity of the urauinite he 
employed ; and it is satisfactory to l e able to confirm bis results so 
far ; for it is beyond doubt that the gt is evolved from bis urauinite by 
beating it in a vacuum or by boilin j with sulphuric acid contains 
about 10 per cent, of its volume of ni trogen. It is tberofore not to 
be wondered at, that he formed the conclusion that the gas he had 
was nitrogen; for he obtained some evidence of the formation of 
nitrous fumes on passing sparks through a mixture of this gas with 
oxygen ; he succeeded in obtaining a v r eighable amount of ammonium 
platinochloride from the product of sparking it with hydrogen in 
presence of hydrochloric acid; and, in addition, ho observed a strong 
nitrogen spectrum in a sample of th a gas transferred to a vacuum- 
tube. Had be operated with clevoite, e will be shown later, he would 
have in all probability discovered qiolium (Bull. 17.8. Geological 
Survey, 78 , 43 ). 

To extract the gas from small quantities of minerals, from 2 to 
5 grams of the coarsely powdered substance was heated in a small 
bulb of combustion tubing, previously exhausted by a Toppler’s 
pump. As it was found that water syid carbon dioxide were often 
evolved, a soda-lime tube and a tube tilled with phosphoric anhydride 
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were often interposed between tbe bulb and the pump. After most 
of the gas bad been evolved, the temperature was raised until the 
hard-glass bnlb began to collapse. 

Many of the minerals evolved hydrogen ; hence, after the gas had 
entered the pump, the bulb was completely exhausted, and the gas 
was sparked with oxygen, no alkali being present. The oxygen was 
then absorbed with canstic soda and pyrogallic acid, and the gas was 
transferred to a vacuum-tube. As this process of transference proved 
very convenient, it is worth while to describe it in full. 

The apparatus is shown in the annexed figure. It consists of a 
tube provided with a perfectly-fitting stop-cock; this tube is con- 
nected with a Toppler’s pump. The vacuum-tube or tubes to be 
fitted are sealed to a lateral branch above the stop-cock. The lower 
part is bent into a sharp U , and the end drawn out to a point and 




sealed. The stop-cock is then turned full on, and the whole tube is 
completely exhausted, until the vacuum-tube shows brilliant phos- 
phorescence, or, indeed, as often happens, ceases to condnot the 
discharge ; the stop-cock is the n closed. A mercury trough is placed 
below the bend o£ the tube, a ud the latter is sunk until the closed 
end disappears below the mercury. A small tube, which need not 
contain more than 1 c.c. of the! gas to be introduced into the vacuum- 
tube, is then placed over the! closed end of tbe bent tube, and the 
mercury trough is lowered. I The sealed end is then broken by 
pressing it against tbe interior) of the gas-tube, when gas enters up to 
the stop-cock. On carefully bpening the stop-cock a trace of gas is 
passed into the vacuum-tube I; this gas is then pumped out and col- 
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lected below the delivery tube of the Toppler’s pump. One such 
washing with gas is usually sufficient. The stop-cock is again opened, 
and a sufficient amount of gas introduced into the vacuum-tube to 
show the spectrum. The vacuum-tube is then removed by sealing, 
and the gas still remaining in the bent tube may be transferred to 
the pump and collected. It is seen that this method permits of the 
filling of a vacuum-tube absolutely without loss, and it may be 
added with great expedition. 

The results obtained with the minerals examined are given in the 
table on the following page. 

The spectrum of helium is characterised by five very brilliant 
lines; these occur in the red, the yellow, the blue-green, the blue, 
and the violet. In every case, except with hjelmite,fergusonito, and 
xenotime, in which cases the lines were merely seen, all these lines 
were identified by simultaneous comparison in the same spectroscope 
with the spectrum of helium from cl&veite. With the gas from 
samarskite and in some other cases a still more careful comparison 
was made, and the absolute coincicnnce of every visible li was 
ascertained. . fi,a * e 

From many of these mineral*, a hydrocaibon was-; 3xtr^ mm ; ;jiis 
was manifested by the non- absorption oJf tho gas ^p&rativel} ^ 
until after explosion with oxygen. It would be inte3^^ er 0 ^ vei 6 . 
tain whether the hydrocarbon is present as snch in te 
formed during the heating, for in all cast* where a £hr °* henum. ^ ag 
evolved, a large quantity of hydrogen was also obtSFSE If a 
vacuum-tube be charged with the crude gas, merely deprived of 
carbon dioxide by canstic alkali, the spectrum consists almost wholly 
of the fluted hands of carbon. 

It is hero of interest to inquire which constituent of these minerals 
is effective in retaining helium. For this purpose, it is neccssaiy to 
know their composition; but it ha* not been possible to make 
accurate analyses of all the samples of* 3 minerals treated. Hillebrand 
supposed that the gas was retained by the uranium, and states that 
its volume varies roughly with the amount of uranium oxides present. 
To decide the question, it is necessary to consider the composition of 
these minerals in some detail. 

Ytti otantalite is essentially a tantaJate of yttrium and calcium, 
containing a little tungstic acid, and small amounts of iron and 
uranium. The yield of helium was here small. 

Samarskite is a niobate of uranium, iron, and yttria, containing 
smaller amounts of tungsten, zirconium, and thorium. The amount 
of uranium oxide is about 11 or 12 per cent. ; of thorium oxide about 
6, of yttrium 13, and of cerium 3. It yields a moderate amount of 
helium. 
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Name* of mineral. 


Yttrutnntalite 
Samarskite . . . 


Hjelmite .. 
Fergusonite 
Tantalite . . 
Pitchblende 


Pitchblende 
Polyc e . . 


Rachwane, Ceylon Hydrogen and helium. 

Unknown A little hydrogen and nitrogen. 

After sparking with oxygen over 
caustic soda, 15 grams yielded 
approximately 4 e.e. of helium. 
At high pressure (4 mm) the 
unsparkod gas shows fluted car- 
bon spectrum. At low pressures 
this is invisible. 

Fahlun, Sweden No hydrogen; trace of helium. 

Ytterby, Sweden „ „ 

Fahlun, Sweden Trace of helium. 

Cornwall . . ft 50 grams yielded about 0*5 c.c. of 

helium. After fusion with 

' hydrogen potassium sulphate, 

a further very small quantity 
was obtained. 

Unknown Small quantity of helium. 

Hittero, Norway „ „ 

All these minerals contain uranium. 



Mo 


* V 

Orangeite 

Columbite 

Pcrofskite 

Wazite 

f l horite 

Fluocerite 

Ortliite 

Gadolinile 

Euxenitc 

Corite .. 


Blende 

Rutile 

Gummite 

Pyrolusite. ........ 

Native platinum . . . 

•i j, . • ■ 


N. Carolina 

Fahlun, Sweden 

Bahia 

Skrotorp, near Moss, Nor- 
way 

Brazil..,, 

NearArendal 

N. America 

Magnet Cove, Arkansas . . 
Sweden 

Norway 

Unknown 

Hitter d, Norwa ' ........ 

» «, ........ 


Unknown. 


Unknown... 

Flat Rock Mine, Mitchell 
co., N. Carolina. 

Unknown 

Brazil 

Siberia 


Contains hydrogen and helium 
fair quantity. 


Do. 

do. 

Do. 

do. 

Do. 

do. 


Hydrogen, and, after explosion 
with oxygen, a trace of helium. 

Easily gave a good spectrum of 
pure helium. 

Much hydrogen; no helium. 

Very little gas ; partly hydrogen. 

Hardly any gas; trace of hydro- 
gen. 

Fair quantity y hydrogen. 

Carbon dioxide -^glaBs etched. 

1 Carbon dioxid v md small quan- 

J tifcy ot hydr Ton. 

Do. * do. 

00 grams gave 50 e.e. of gas, 
leaving 1*3 c.c. after explosion 
with oxygon. After parking 
and absorbing oxygen, 0'X c.e. 
remained. Not examined. 

No gas. 

» 

No gas, except a trace of carbon 
dioxide. 

Only oxygen. 

Trace of oxygen. 

Trace of oxygen in larger quantity, 
and trace of nitrogen. 
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JSjebnite closely resembles tantalite in composition, but contains 
stannic oxide. The yield of liolium was minute. 

F&rgusonite is a uiobato ot yttrium and cerium, containing only a 
small amount of uranium, zirconium, tin, tungsten, &c. The )iold of 
liolium wa& hore minute. 

Tautolite consists of tantalate of iron and manganese ; the helium 
obtained was a mere trace. 

Pitchblende consists mainly of the oxide, U 3 0 b . The rare metals 
are present in English pitchblende in very minute amount. The 
helium obtained was very minute in quantity, and bad a large amount 
of the mineral not been used it would doubtless have escaped 
detection. 

Poly&ro6G is a niobate of uranium, containing titanium, iron, 
yttiium, and cerium. The amount of helium obta* from it was 
small. 

These minerals, it will be seen, all contain * To them must 

bo added cldvoitc and broggorite, from whiel best yield was 

obtained. 

Monaaibe , which gave a good yield of 1 , phosphate of 

cerium, lanthanum, and thorium, but does r~ uranium. It 

might serve, if necessary, as a source of lie comparatively 

cheap ; it would form a moro economical 'ilhor cldvoitc 

or broggerito. 

Xenoiimc is a phosphate of yttrium, ant 3 of helium. 

Orangoite and Thorite are silicates of tnoiw. tainiug small 
quantities of uranium and load. The former of those yielded a fair 
amount of helium, but none could be obtained from a larger quantity 
of the latter. 

From these details, it may be concl udod that the helium is retained 
by minerals consisting of salts of uranium, yttrium, and thorium. 
■Whether its pioHCueeis conditioned by the uranium, the yttrium, or 
the thorium, wo are hardly yet in a position to decide. To judge by 
the Cornish ore, oxido of uranium alone is sufficient to retain it; but 
that its presence is not absolutely necessary is shown by its existence 
in monasrito and xonotimo. The high atomic weights of uranium and 
thorium, and the low atomic weight of helium suggest some connoc* 
tiou; and yet yttrium, which possesses a medium atomic weight, 
sometimes appoars to favour the presence of the gas ; for yttrium is 
present in yttrotantalito, which, however, contains uranium, and in 
cldveito, in which uranium is present in relatively largo amount. 

None of the oxides of uranium, wheu heated in helium and allowod 
to cool, retains the gas ; but similar experiments have not yet been 
made with oxides of thorium and yttrium, or with a mixture of thiso 
with uranium oxide. 
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II. The Properties of Helium . 

From what has preceded, it appears that up to now only throo 
minerals are available as sources of helium, unless, indeed, very large 
quantities of samarskite and yttrotantalite are workod up. These three 
are cleveite, the uraninite investigated by Hillebrand, and broggerii e. 
And here we wish to express our indebtedness to Professor Broggor 
for his great kindness in placing a large stock of broggerito at our 
disposal. It has furnished a large quantity of the helium which wo 
have had in our hands. 

Although, so far as we were able to judge by throwing into a two- 
prism spectroscope of Browning’s the spectra of samples of gases 
obtained from,, the minerals previously mentioned, all the specimens 
of helium r*" identical, still a further proof was desirable. Owing 
to the small ’ of gas- yielded hy these minerals, amounting 

in most cases- c.c., Vo was impossible to ascertain whether 

these samples e same density ; but the case was difforent 

with the gas 'it© and from brOggerite. In each case a 

sufficient quano tamed to make it possible to determine the 

density with 4 cy. It will be convenient therefore to 

describe the r tracting the gas and the methods of deter- 

mining its de 

In the com- •> the Royal Society it was stated that tlio 

maximum dei 'iginal gas from cleveite was 3*89. The 

spectroscope -ol cue presence of nitrogen in this sample; the 
hands were very brilliant at high pressure, but on reducing the 
pressure the yellow line became brilliant, and the nitrogen spectrum 
disappeared. This always happens when the tube has platinum 
electrodes and a strong discharge is passed for a considerable time. 
An attempt was made to remove the nitrogen from this sample of 
gas by circulating it over rad-hot magnesium ; but an unfortunate* 
accident caused tho admixture of about its own volume of air, 
carrying with it argon, from which at present tliei*o is no known 
method of separating helium. 

It appeared important to decide whothor tho gas evolved from 
those minerals is helium, or a compound of hydrogen and helium; 
for in the preliminary set of experiments the treatment was such 
that a hydride would have been decomposed either by sparking with 
oxygen or by passage over copper oxido at a red heat. 

The result of experiments directed to this end is to show that no 
combined hydrogen is present. Gas was extracted from 19 grams of 
broggerite by heating it in a combustion-tube to dull redness ; the 
combustion-tnbe was connected with a Toppler's pnmp by moans of 
thick-walled india-rubber tubing, wired carefully. Special expert 
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ments showed that the leakage through the india-rubber amounted 
between Saturday and Monday to less than one small bubble. The 
broggerite yielded about 75 e.c. of gas, a large portion of which was 
absorbed by caustic soda, leaving about 35 c.c. A second charge of 
18*3 grams gave 58*5 c.c., and a third, of 22*1 grams, gave 66*0 c.c. 
The amount of gas evolved depends largely on the temperature. 
The evolution is rapid at first, but becomes very slow after three hours, 
and the heating was always stopped before all the gas which might 
have been extracted had come off. The last portions, as will be seen 
later, were extracted by fusion with hydrogen potassium sulphate. 

This erode product from broggerite blackened mercury, doubtless 
owing to the presence of hydrogen sulphide. 

The density of this sample was determined ; the data are these. 

Volume of bulb., • 


Temperature , ^ 

Pressure (corr.) ' 

Weight ram. 

Density (O as 10) 

The exceedingly small capacity of the l>u >omo remark, 

but for no apology. The object hero is, no e the density 

with the utmost accuracy, but to secure cfent for our 

purpose, which will indicate the probable n ht. Now the 

hydrogen contained in such a bulb at 0 r i. weighs ap- 


proximately 0*0030 gram. A sensitive balance ing, adjusted 

for the special purpose, could easily be rerid to 0*00005 gram, without 
resorting to the reading of oscillations of the pointer; and this gives 
an accuracy of 5 parts in 300, or 1*7 per cent. Hence the density of 
hydrogen, thus detcrained, might vary between 0*083 and 1*017. 
It is evident that such an approximation is quite sufficient for our 
present purpose. The total volume of this gas was 124*5 c.c. A 
solution of soda was introduced by moans of a pipette, and, aftor all 
absorption had ceased, tho residue measured 78*0 c,c. The density 
was again determined. 

Volume of bulb 33*023 e.c. 

Temperature 21*6°. 

Pressure (corr.) 7G5 4 mm. 

Weight. 0*0058 gram. 

Density (0 = 10) 2*105. 

This gas was now left in contact with palladium sponge for a 
night. The sponge was made by reducing the chloride in a current 
of hydrogen, at a dull red heat. As it was somewhat porous, it was 
hammerod on a steel anvil before introducing it into the gas, which. 
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oi course, -was confined over mercury. The contraction amounted to 
about 1/30 th. The density was again taken. 

Volume of bulb 33*023 c.c. 

Temperature 19*2°. 

Pressure (con*. ) *760*2 mm. 

Weight 0 00630 gram. 

Density (O = 16) 2*284. 

This gas had undergone no treatment which was of a kind to remove 
combined hydrogen, unless, indeed — a very improbable assumption 
— it be supposed that the compound should be decomposed by contact 
with metallic palladium. The gas was therefore placed in contact 
with copper oxide, which had previously been heated to redness in a 
vacuum, and a tube filled with phosphoric anhydride was so inter- 
posed as to 2 p***+"** water produced. The gain in weight of this 
tube was 0*0« indicating the oxidation of about 2 c.c. of 

hydrogen. Ii biiity this hydrogen had remained over after 

treatment wit n; for it bears no proportion to the total 

quantity of gsu 

The densit— * determined. 

ulb 33 023 c.c. 

16*67°. 

r.) 754*9 mm. 

0 00720 gram. 

, ^~16) 2*606. 

We give thus minutely all the determinations of density of such 
samples, because, although they refer to an imperfectly purified 
sample, yet they show that the density is veiy low, and they trace, 
moreover, the giadual change as one ingicdient after another is 
removed. 

The broggeiite which had been heated in a vacuum was next fused 
in successive portions with Jtiydrogon potassium sulphate. A large 
quantity of gas was evolved, consisting of sulphur dioxide, carbon 
dioxide, nitrogen, and helium. The sulphur dioxide was removed 
with chromic mixture, and the carbon dioxide with caustic soda ; the 
yield was 45 c.c. The density was then determined. 

Volume of bulb 33 023 c.c. 

Temperature 16 18°. 

Pressure (corr.J 753*3 mm. 

Weight 0*01035 gram. 

Density (O = 16) 3*748. 

No alteration in volume occurred on passing the gas foi several 
hours over red-hot copper oxido. Hence no hydrogen was present in 
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the free state; and if combined, passage over copper oxide does not 
decompose the hydride, as was seen before, when the water produced 
was weighed. It may be remarked that every known hydride would 
yield its hydrogen on such treatment. 

This sample of gas was next circulated over red-hot magnesium for 
several hours. It is hardly necessary to state that the magnesium 
was first heated to redness in a vacuum so as to remove hydrogen. 
In case any should escape removal, however, a red-hot tube of copper 
oxide formed part of the circuit, as well as a tube filled with phos- 
phoric anhydride. Some caustic soda solation was present in the 
reservoir above the mercury, which would have absorbed tho products 
of combustion of any hydrocarbon present. The density of this gas 
was calculated from tho data appended. 


Volume of bulb 33*023 c.c. 

Temperature 14*88°. 

Pressure (corr.) 75(>*0 mm. 

Weight 0*00845 gram. 

Density (0 = 10) 3 037. 

On examining the magnesium tube, after it had cooled, it was 
found that on moistening it ammonia was evolved. The gas was, 
therefore, again circulated over magnesium, at a somowhat higher 
temperature, so high, iudeed, that the gas must have passed repeatedly 
through magnesium vapour. On pumping out tho tubes, au accident 
led to the loss of a few e.c. of gas ; hence tho weighing bulb had 
to be filled at a somewhat reduced pressure. Tho density is given 
below. 

Volume of bull) 33*023 <\o. 

Temperature 18*33°, 

Pressure (coir.) jt . (>15*8 min. 

Weight 0*0045) gram. 

Density (0 as 10) 2*187. 

Again, on moistening the broken mngnowium tube, ammonia was 
evolved ; it was recognised by its odour and by its turning rod litmus 
paper blue. 

A further experiment was made with broggorito. 30*8 grams woro 
heated in a vacuum and tho gas was collected over moroury, on to the 
surface of which a few c.c. of caustic soda solution were introduced. 
The yield of gas was 65 c c. It was circulated over coppor oxide to 
remove hydrogen, and its density was then determined. 


Volume of bulb, 
Temperature . . < 
Pressure (eorr.), 

Weight 

Donsity ...... 


33*023 e.c. 
10*70°. 

756*7 mm. 
O’OOOH gram. 
2*481, 
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The density of this sample is almost coincident with that of a 
previous sample, 2*606, obtained in the same way, after it liad been 
purified from hydrogen. This gas was next circulated over very hot 
magnesium, so as to remove nitrogen. Again, it is cortai u that for 
many hours the gas must have been mixed with magnesium vapour, 
for the magnesium had been completely volatilised out of the hot 
part of the combustion-tube, and had condensed at the cool end. 
Again, the product, when moistened, showed the reactions of am- 
monia, proving that nitrogen had been removed. The density of 
this sample was next taken. 

Volume of bulb 33*023 c.c. 

Temperature 19*70°. 

Pressure (corr.) 756*7 mm. 

Weight 0*0056 gram. 

Density 2*044. 

The copper oxide tube was omitted during this circulation ; hence 
the density was low, 2*044. The spectrum of this gas showed 
hydrogen lines and feeble nitrogen bands. A second determination 
of density, in which the bnlh was freshly filled, gave, at the same 
pressure and at a temperature differing by only 1° from the previous 
one, an identical weight. Further circulation for a whole day over 
red-hot magnesium, raised to the highest temperature which the tube 
could stand, gave a specimen from which hydrogen and nitrogen were 
absent ; at least, tbe barest trace was visible in a vacunm-tube filled 
at a fairly high pressure ; and care was taken to interpose a red-hot 
copper oxide tube, and, as usual, a tube containing phosphorus pent- 
oxide. The effect of this circulation was to raise the density. 

Volume of biAb 33*023 c.c. 

Temperature ? 1 7*1°. 

Pressure (corr.) 763*2 mm. 

Weight 0*0060 gram. 

Density (O^J.6) 2*152. 

It is of interest to note that this sample, procured by boating 
brdggerite in a vaenum, has a density practically identical with that 
of gas obtained by fusing brdggerite with hydrogen potassium sul- 
phate; that sample liad density 2*187. 

We next proceeded to extract the gas from 6*96 grams of Swedish 
cl&veite. When heated in a vacuum, the gas was rapidly evolved at 
first, more quickly than from broggerite. About 60 c.c. were obtained, 
and, after treatment with soda, the residue occupied 26*3 c.c. As 
this was not sufficient for our purpose, and as we had already by 
density and spectrum proved the identity of gas evolved from broggo- 
rite on heating, and on fusion with acid sulphate, the remaining 
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cleveite was mixed with about five times its weight of fused and 
dried hydrogen potassium sulphate, placed in a tube, and heated in a 
vacuum. A further quantity of gas was evolved, which was at once 
treated with caustic soda solution. Both quantities of gas were mixed. 
This sample was then circulated over copper oxide for several homra, 
and the density was then determined with the following result. 

Volume of bulb 33*023 c.e. 

Temperature 19*43°. 

Pressure (corr.) 763*2 mm. 

Weight 0*0061 gram. 

Density 2*205. 

The spectrum of this gas showed the merest trace of niti*ogen, but 
no hydrogen. The density, it will be seen, is practically coincident 
with that of the gas from broggerite. It is noteworthy that the gas 
from cleveite contains no nitrogen. We are absolutely certain that 
the presence of nitrogen in the gas from broggerite is not to bo 
explained by leakage of air, for the tightness of the apparatus was 
frequently tested during each operation. 

We have therefore three determinations of density, and the mean 
may be taken as approximately correct to within 0*05. They are : 


Gas from broggerite by heating 2*152 

Gas from broggerite with HKSOi . . . . 2*187 

Gas from cleveite . . . 2*205 


Mean ........ 2*181 

All these samples of gas were now mixed and passed through tin* 
usual absorbonts for nitrogen and for bydiogen, namely, magnesium, 
copper oxide, soda-lime, and phosphoric anhydride. The density of 
this sample was then determined with the larger bulb. The error 
duo to error in weighing cannot in this case amount to more than 0*3 
per cent., and is probably less. Of course, the purity of the gas would 
affect the result. The data are as follows. 

Volume of bull) 162*843 c.e. 

Temperature 1 7 ()7 n . 

Pressure (corr. ) 764*9 mm. 

Weight . . , , 0*03057 gram. 

Density (O = 10) 2*218. 

The wave-length of sound was determined with this samplo of gas 
in a tub© 1 metro in length and 9 mm. internal diameter; the 
vibrating rod was 580 mm. long. Wo found it exceedingly difficult 
to procure a tube in which really good sound-waves could bo shown 
with helium ; iudoed, we were on soverai occasions nearly despairing 
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of gaining our object;. Bat at last perfect waves, easily read and 
easily counted, were produced, and measurements were taken with 
the following results. 


Series.... T. 1L III. IV. V. 

length™" } 98 ‘ 6 986 97 ‘ 6 983 1000 

Mean of all, 98*8 mm. at 18*9°. 

In air, a similar series gave the numbers 

Series.... I. II. III. 

Half wave-length .... 36 00 36 03 36*11 

Mean, 36*04 mm. at 20*1°. 


VI. VII. 

98*G 97 9 mm. 


IV. Y. 
35 89 36*16 


The ratio of the specific heat at constant volume to that at constant 
pressure for air is 1*408 ; that for helium : 


(36-04)* x (27 3 + 1 8~9) x 14-479 . (gg-S)* x 2-218 :: 1-408 : 1 - 632 . 
27o + ”0*l 


This sample of gas was again circulated over very hot magnesium 
and copper oxide for seven hours ; the magnesium had no smell of 
ammonia when breathed on, nor did it turn red litmus paper blue 
until after long standing. The magnesium was mostly volatilised out 
of the hot part of the tube. 

The density of this sample of gas was determined. 

Volume of bulb 162*843 c.c. 

Temperature 19*8°. 

Pressure (corr.) 730*0 mm. 

Weight 0 0278 gram. 

Density 2*133. 

The wave-length of sound was re-determined in tlie same tube as 
before. The figures are 

Series.... 1. II. III. IV. V. VI. VII. VIII. 

H length*} 102-7 100-7 101-6 100-7 102-0 101-6 100-9 101>1 xnm * 
Mean of all, 101*5 mm. 

The ratio of the specific heats of helium, calculated from those 
numbers as before, is 1*652, a sufficiently close approximation to the 
theoretical number 1*66. In the case of argon, the pmest specimen 
obtained gave for the ratio 1*659 ; and, as remarked (in the Philo- 
sophical Transactions, 1895, 52), not much dependence can be placed 
on the accuracy of the last figure. 

The result of these experiments goes to prove that the density of 
the gas named helium is not less than 2*13, and that it has the samo 
claim to be considered a monatomic gas as mercury gas; or if it is a 
mixture, it must be a mixture of monatomic gases. 
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As hydrogen was often evolved along with, helium from minorals, 
it occurred to us that if a definite ratio could be found between tho 
helium and the hydrogen evolved by the action of acid, some idea 
might be gained as to the valency of helium. It would be as if, for 
example, hydrogen and chlorine were evolved separately from salt 
by sulphuric acid, instead of in combination ; by measuring each, the 
deduction could be drawn that chlorine was univalent. Experiments 
made to this end showed, however, that from some minerals no 
hydrogen is evolved. Gas, from a sample of uraninito sent by 
Dr. Hillebrand, contained no trace of hydrogen. It is, of course, 
possible, and, indeed, not unlikely, that all hydrogen is absorbed in 
reducing the uranic oxide to uranous oxide. The problem then 
becomes a complicated one ; bnt we hope to solve it by future experi- 
ments. 

As yet but few experiments have been made with the object of 
inducing helium to enter into combination. Like argon, it is not 
attacked by oxygen in presence of caustic soda under tho action of the 
electric discharge ; indeed, this forms a good method of removing all 
impurities other than argon. Again, like argon, it is not affected by 
red hot magnesium, and it is not oxidised by copper oxide at a red 
heat. 

As holium is evolved from cloveito and similar minerals at a rod 
heat, an attempt was made to reabsorb it by heating tho powdered 
mineral to redness in contact with tho gas, but not to so high a tem- 
perature as that which had served to cause it to be evolved. But the 
attempt was fruitless ; no gas was absorbod. When nil tho gas in 
the tubes had beeu pumped out, after they wero cold, heating failed 
to cause the evolution of more gas. 

A further experiment was made, in which metallic uranium was 
heated to bright redness with a blow-pipe in contact with a mixture of 
helium and oxygon, tho latter gas being greatly in excess. But, 
curiously, tho oxidation of tho uranium was very slow, and all tho 
helium was recovered, none having been absorbed. The conditions 
have yet to bo discovered under which helium can bo made to com- 
bine with oxides of uranium, so m to reproduce tlio natural product. 

The Solubility of Helium , . 

Helium is very sparingly soluble in water. A determination made 
by the method previously described for argon ( Phil . Tram, A ., 1895, 
37) gave 00073 as its coefficient at 18*2°. Tho tubo contained 102*3 
arbitrary divisions, of which 2G*0 wero occupied by helium and 136*3 
by water. After shaking, tho volume of tho helium was reduced to 
25*0 divisions, and that of tho water was incroasod to 137*3. As 
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137'3 absorb 1*0, 1 volume of waxier absorbs 0 0073 volume. The 
whole apparatus was jacketed with running water during this evpet i- 
ment. 

This is the lowest solubility hitherto recorded. Generally speaking, 
the solubility of a gas is related to the temperature at which it con- 
denses to a liquid, and the sparing solubility of helium points to its 
having a very low boiling point. Professor Olszewski has kindly 
undertaken to make experiments on the temperature of liquefaction 
of helium, and it will be interesting to find whether its boiling point 
does not lie below, or, at least, as low as that of hydrogen ; for their 
molecular weights are not very different, add helium is a monatomic 
gas, a condition which appears to lower the boiling point. 

Helium is totally insoluble in absolute alcohol and in benzene. 


The Specti um of Helium 

Mr. Crookes is making an exhaustive study of the spectrum of 
helium, and will shortly publish an account of his work. But, as some 
of the deductions to be drawn later depend on the lines observed, it 
is necessary here to add a few words. In general terms, the spec- 
trum has already been described. The particular point to which 
attention is necessary here is that at least two of the lines in the 
spectrum of helium, seen with a wide dispersion prism, are coincident 
with two of the argon lines. These occur in the red, and comprise 
one of each of the two pairb of characteristic argon lines. This observa- 
tion has been frequently repeated, using for the purpose spectroscopes 
of different dispersive power, and throwing into the field both 
spectra at tbe same time, with an exceedingly narrow slit; and we 
may say that if not absolutely identical, tho lines are so near tb&t it 
is not possible with the means at our disposal to recognise any differ- 
ence in position. But the relative brilliancy is by no means the same* 
One of the argon lines, rather faint, is coincident with the prominent 
red of the helium spectrum, and one of the strong red argon lines is 
coincident with a faint red line in the helium spectrum* 

Besides these two, there is a line in the orange-rod, which, though 
perhaps not identical, yet is very close. This lino is faint in helium, 
but moderately strong in argon. It is much more easily visible with 
helium in the “ negative glow ” than in the capillary tube. 

It may also he of interest to state that, according to Range’s obser- 
vation, the brilliant yellow line of helium is undoubtedly a doublet. 
This was frequently observed with a grating of 14,000 lines to the 
inch in the spectrum of tbe third order. But it must also be noted 
that one of the lines is very faint ; the other, moi*e refrangible, is 
immensely brighter. The distance, judged by eye, appears to bo 
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about l/50th part of that between the lines D L and D* of sodium. 
Accurate information on this last point may bo looked for from Mr. 
Crookes, Professor Lockycr, and from many others who are interested 
in the probable occurrence of this clement in the sun. 

III. General Conclusions. 

It cannot be doubted that a close analogy exists between argon 
and helium. Both resist sparking with oxygen in presence of caustic 
soda ; both are unattacked by red hot magnesium ; and, if wo draw 
the usual inference from the ratio between their specific heats at 
constant volume and at constant pressure, both aro monatomic gases. 
These properties undoubtedly place them in the same chemical class, 
and differentiate them from all known elements. 

Although opinion is divided on tho precise significance of the ratio 
of specific heats, L*GG, it appeal's to be most probablo that in all cases, 
as in that of mercury, this ratio points to tho monatomicity of tho 
molecule. If we assume tin’s provisionally, it follows that tho atomic 
weight of helium is identical with its molecular weight. Tho mole- 
cular woiglit is twice the density, for the molecular weights of gases 
are compared with the atomic woight of hydrogen, taken as unify ; 
hence the atomic weight of helium on this assumption is 2*13 x 2 = 
4*26. But again we assume, in making this calculation, that helium 
is a single element, and not a mixturo of elements. Before discussing 
this question, it appears advisable to inquire whether there is any 
evidence which would corroborate tho dcduciion that it is a monatomic 
element. This evidence must be sought for in the proportion of argon, 
for those of helium have not as yot been sufficiently investigated. 

Wc know from countless examples among compounds of hydrogen 
and carbon that increase in molecular weight is accompanied by vise 
of boiling point; and it may bo staled as a proved fact that a poly- 
merido has always a higher boiling point than the simpler molecule 
of which tho polymorido is formed. Among the substances germniu 
to this inqairy, ozone and oxygen may be cited ; tho complex mole- 
cule of ozono is shown by the higher temperature at which it boils. 
It might be concluded with certainty, therefore, that A a , could it 
exist, should have a higher boiling point than Aj. 

Next, it is generally tho case that the boiling point of an element, 
provided it has not a complex molecule liko that of sUlpiinr and 
phosphorus, is lower, the lower its molecular weight, Thovo aro tho 
well-known instances of chlorine, bromine, and iodine; but if it bo 
objected that those all belong to tho same group, wo may cito tho 
cases of hydrogen, -243*5°; nitrogen, -194*4°; and oxygon, 
- 182*7°; and wo may add chloriuo, -102°. Lf argon possessed the 

VOL, LXVIl. 3 B 
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atomic weight 20 and the molecular weight 40, it is probable that its 
boiling point would lie above that of chlorine, instead of, as is 
actually the fact, at —187° — below that of oxygen. But, it may bo 
objected, the boiling point is determined, not by the molecular 
weight, but by the density. It may be urged that the density of 
argon is 20, and that its molecules, like those of oxygen and nitrogen, 
are diatomic, in spite of the argument to the contrary from the ratio 
of specific heats. The answer to this objection is obvious ; if this 
were so, its boiling point should lie above, and not below that of 
oxygen. 

These considerations cannot, of course, be accepted as evidence, 
but merely as corroborative of the conclusion as regards the mon- 
atomicity of argon. If they apply to argon, they apply with equal 
force to helium ; and if they are accepted, it follows that the atomic 
weight of helium is 4*26, 

It is again necessary to consider the character of argon in attempt- 
ing to answer the next question : Are argon and helium single 
elements or mixtures of elements P But before discussing it, let us 
consider another question : How does argon happen to occur in the 
air and helium only in minerals ? Why is helium noc present in air ? 

A satisfactory answer to this question is, we think, contained in a 
paper by Dr. Johnstone Stoney ( Ghem . News, 1895, 71, 67). He 
there shows that were hydrogen to be present in air (and it might be 
present, in spite of the oxygen with which it could be mixed, for a 
small quantity would surely escape combination), it would, in virtue 
of the velocity of its own proper molecular motion, remove itself 
from our planet, and emigrate to a celestial body possessing sufficient 
gravitational attraction to hold it fast. Dr. Stonoy suggests this 
explanation to account for the absence of an atmosphere and of 
water vapour on the moon, and for the presence of an atmosphere 
of hydrogen on the sun. It would also account for the absence of 
helium in our atmosphere, and for the pi*oseneo of the chromospheric 
line D 3 . Of course if an clement can form compounds, or if it is 
absorbed by solids, as helium appears to be, it will, like hydrogen 
and helium, be found on the earth. 

The inertness of these gases would favour their existence in the 
free state. And argon exists in the atmosphere, precisely because it 
forms no compounds. Similarly nitrogen is a constituent of air, 
because in the first place those elements with which it combines 
directly are comparatively rare, and also because such compounds 
are mostly decomposed by water ; and the excess of nitrogen therefore 
occurs in the free state. Similarly, the occurrence of free oxygen is 
due to the fact that some remains over, after all or almost all the 
readily oxidised substances have already united with oxygen. If there 
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exist gases similar to argon in inertness, they too may be looked for 
in air. 

Now if argon possess the atomic weight 40, there is no place for 
it in the periodic table of the elements. And np to now there is no 
exception to this orderly arrangement, if the doubtful case of tellurium 
be excluded. Rayleigh and Ramsay have shown that the high 
density of argon can hardly be accounted for by supposing that 
molecules of A 2 are mixed with molecules of Ai ; and excluding as 
untenable the supposition that argon is a compound, the only remain- 
ing suggestion is that it is a mixture. No attempts have as yet been 
made to test the correctness of this idea ; but experiments have already 
been started which, it is hoped, will throw light on this question. 

The density of argon is too high ; to fill its place in the periodic 
table, between chlorine and potassium, its density should be about 
19 and its atomic weight 38. Wo might expect tho presence of 
another element with a density of 41 and an atomic weight of 82, to 
follow bromine, as argon follows chlorine ; and this element would 
probably also bo a gas, since its density would bo only a little higher 
than that of chlorine. 

But here we meet with a difficulty. There are certain lines in the 
spectrum of helium coincident with linos in the argon spectrum. 
There can be only one explanation, excluding the extremely improb- 
able hypothesis, which is not verified in any instance, that two 
elements may give spectra containing identical lines. That explana- 
tion is, of course, that each contains some common ingredient. Tho 
density of helium is, howovor, so low, that there doos not appear 
room for any large quantity of a heavier gas ; and to lit the periodic 
table, tho density of argon should be diminished by removal of a 
heavier admixture, rather than increased hy removal of a lighter one. 

Such aro the problems which now confront ns. Unfil more ex- 
periments have thrown further light; on tlie subject, wo regard it as 
labour lost to discuss tho relations of tliofco curious elements to others 
which find their proper place in tho periodic table. 

University College , 

London, 
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LXXTY. — Action of Diastase on Starch . Preliminary 

Notice .# 

By Abthuu R. Ling and Julian L. Baker. 

In the year 1891, 0. J. Lintner ( Zeit . ges . Brauw 1891, 281) stated 
that on treating certain beer residues and worts with phenylhydrazino 
acetate, an osazone was formed which was similar in melting point and 
crystalline appearance to the so-called isomalt osazone which had 
been obtained by Emil Pischer (Ber., 1890, 23 , 3687) from the product 
of the action of hydrochloric acid (sp. gr. 1'19) on glucose, and a little 
later by Scheibler and Mibtelmeier {ibid., 1891, 24 , 803) from tho 
unfermentable residue of commercial glucose, named gallisin by 
Oobenzl and Schmitt, and also from the product of the action of dilute 
sulphuric acid on pure glucose. Lintner subsequently stated {Zeit. 
ges. Brauw., 1892, 6) that he had isolated isomaltose itself, and, later, 
in conjunction with Dull {Zeit. angew. Cheni., 1892, 263), he published 
a detailed account of the isolation of isomaltose from the products of 
the action of diastase on starch. In this communication, isomaltose 
is described as a hygroscopic unfermentable sugar, having a very 
sweet taste, a specific rotatory power of [a] D = +140, and a cupric 
reducing power equal to 83 per cent, of that of maltose. 

Schifferer ( Inaug . Biss. Kiel , 1892), apparently, confirmed Lintner 
and Dull’s observations, and, more recently, Lintner and Dull, in a 
paper dealing with the entire products of the action of diastase on 
starch (Ber., 1893, 26, 2533), have described isomaltose as a hygro- 
scopic, intensely swoot sugar, which they have hitherto failed to 
obtain in a distinctly crystalline condition ; it is said to forniont with 
yeast, but much moro slowly than does maltose, to bo convertible into 
maltose by the action of diastase, to have a specific rotatory power 
[a] D = +140, a cupric inducing power equal to 80 per cent, of that of 
maltose, and to form a very characteristic phenyl osazone, melting at 
150 — 153°. In a recent note (Zeit. ges. Brauw., 1894, 378), Lintnor 
states that isomaltose is not completely convertible into maltose by 
diastase ; indeed, ho now mentions that by acting on starch with 
oxalic acid he has obtained a modification of isomaltose (steroo- 
isomeride), which remains unaffected when treated with diastase. 
Both modifications are said to yield the same osazone. 

Prom the time when Lintner’ s papers, announcing tho existence of 
an isomeride of maltose in starch transformation products, first 
appeared, we have made repeated efforts to isolate, either the sugar 

* This paper was read by Mr. A. R. Ling at the meeting of the Chemical Society 
on Thursday, January 17th, 1895. [Editoe.] 
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specially stated that, even under the most favourable conditions, 

isomaltose ” ferments much less energetically than cane-sugar, dex- 
trose, or maltose. 

The three succeeding papers (7), (8), and (10), appeared under 
the joint authorship of C. J. Lintner and G. Dull, and may for con- 
venience he considered together, so far as their description of the 
preparation and properties of maltose is concerned. 

We shall have occasion at a future time to consider and discuss 
more fully the points raised in these papers which relate to the othei* 
non-crystallisable products of starch -hydioly sis, the dextrin s and 
maltodextrins. 

It was found by the above-mentioned authors, when a conversion of 
starch was carried out with malt-extract or diastase in such a manner 
that the mixed products of hydrolysis had an opticity of about [a ] v 
170° ([a[[/ 189°), that, besides dextrin, scarcely anything but “ iso- 
maltoso” was obtained, but it was still found convenient to employ 
a limited fermentation at the outsot of the process of separation. 
In one of the papers now referred to (8), the authors attempt to 
show that no intermediate dextrin-like compounds exist between 
dextrin, having an opticity of [a] D 190°, and u isoraaltoso” with an 
opticity of [a] D 140°. They maintain that if thoso intermediate 
compounds exist, it ought to bo possible by protracted fractionation 
of the mixed products of hydrolysis with alcohol, to obtain com- 
pounds of a constant rotatory power lying somewhere between [VU 
140° and [a] X) 190° 

Lintner and Dull, theroforo, submitted the mixed products of a 
starch-conversion to a very long and tedious fractionation by dialysis 
and precipitation with alcohol, and found that the fractions wore 
all ultimately referable to a rotatory power of about [a| D 140" 
([ oC]j 155'1°) on the one hand, and [a] |> 190° ([a]/ 2107°) on the 
othor. Tho conclusion they draw from these experiments is that 
no intermediate products exist, and that tho nudtmlvAnn^ which we 
described in our 1885 paper as having a rotatory power of |a];j*«s 
193’1°, has no existence as a homogeneous substance, but is a 
mixture of dextrin with “ ibomaltoso.” Wo shall on a future occa- 
sion revert to this statement of Lintner and Diill, and show why 
they failed to obtain our maltodoxtrin in this case, contenting our- 
selves at the present time with recording tho lact that, in whatever 
light our maltodoxtrin may bo regarded, it certainly cannot bo a mix- 
ture of Lintner’s “ isomaltoso ” and dextrin, as it is impossible, even 
under the most favourable circumstances , to prepare from it a crystalline 
osazone. 

The portions of the fractionated starch-products, which wore 
obtained by Lintner and Diill with a specific rotatory power under 
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[a] D 140°, were all united, and this crude “isomaltosc ” was purified 
by fractionation with small quantities of alcohol, and by repeated 
successive precipitation of the chief mass with absolute alcohol. In 
this manner, the acids of fermentation, ash, and othor impurities 
were gradually removed. 

In the later experiments of Lintner and Dull, the purification of 
the “ isomaltose ” was effected by dissolving the concentrated syrup 
in a small quantity of hot methylic alcohol, adding ethylic alcohol 
until a slight separation took place, and then precipitating the 
decanted liquid with absolute alcohol. The “ isomaltose ” was con- 
sidered pure when the double fractional crystallisation of its osazono 
gave no fraction higher in melting point than 150°. The analysis of 
the pure “ isomaltose” gave an opticity of [a]© 140° 155*1°, 

and a reducing power equal to R 80 (« 49*6). The molecular weight 
determination by Raoult’s freezing method gave values lying between 
840 and 863. On combustion, the “ isomaltosazone ” gave — 

Calculated for 

Found. 


C 55*38 55*20 per cent. 

H 6*15 6*50 

BT 10*95 10*77 


The fact that “ isomaltosc ” is found in starch-transformations 
before the appearance of maltose suggested to Lintner and Dull that 
dextrin, and therefore starch, is composed of “ isomaltosc ” groups. 

The existence of “ isomaltose ” in the products of starch hydro- 
lysis has also been affirmed by A. Sckiffercr (9), and also by W, L. 
Hiepe (11), who confirmed Lintner’s statements as to its optical and 
reducing properties, and the crystalline habit and melting point of its 
osazone. 

The only additional statements of any importance in theso two 
communications arc due to Hiepe, who found that whilst “ isomaltose” 
is completely converted into maltose on farther treatment with 
diastase, this change takes place without any sensible increase in the 
■specific gravity of the solution, which would not be tho case if iso- 
maltose were a maltodexirin containing 17 amylon and 3 hydro- 
lysable amylin gronps. Hiepe also found that the degree of fer- 
mentability of “isomaltose” depended largely on the variety of the 
yeast employed. For instance, about 60 per cent, of the “ isomaltoso ” 
was fermentable with pure cultures of JS'rohberg yeast, Baccharomyces 
Pastoriams J, and S, ellipsoid e us II 9 whilst Saaz yeast only fer- 
mented about 25 percent., and Baccharomyces apiculatus had no action 
at all. 

These experiments of Hiepo on tho fermentability of tho sub- 
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stance tn er discussion led to further work in tliis direction, and 
ultimate / Bau (12) and A. Munscho (13) independently camo to 
the collusion that Lintner’s “ isomaltose ” is a mixltno of two 
stereoisomers, a. and /3-isomaltose. The former is supposed to differ 
from the latter in its fermentability with yeasts of the Saaz type, 
whilst the 0-isomoride is fermented by ycasfcs of the Frohberg type 
The two i&omerides arc described as yielding identical osazoncs, 
having the same melting point and the same chemical and physical 
properties. More recently Bau (14) has described a method for the 
preparation of £-i so maltose based on the above-mentioned differences 
of fermentability, and Lintner (15) accepts the existence of the 
two stereoisomcridos. Prior, however (16), still regards Lintner’s 
« isomaltose ” as a homogeneous substance, and denies the existence 
of the two isomerides. 

Early in the present year, A. R. Ling and J. L. Baker (18) 
made a communication to this Society, an abstract of which appeared 
in the Proceedings (1895, p. 3), in which it is stated that from the 
products of the action on starch of precipitated diastase made from 
a low-dried malt, they had isolated a substance having approximately 
the optical and reducing properties of Lintner’s * ‘ isomaltose,” and 
giving numbers agreeing with the formula C/uH^On. A micro- 
scopic examination showed, however, that it contained crystals re- 
sembling those of maltose ; moreover, it was found to yield octacotyl- 
maltose on acetylation. Treatment with diastase raised the reducing 
power from R 81*5 to R 94*5, but the specific graviiy remained 
unaltered during this treatment. It fermented slowly with yeast, the 
unfermentod residue being unaltered in properties. The osazono was 
separable into a large fraction molting at 182 — 185°, resembling maltos- 
azone in appearance, and a very small fraction moiling at 145 — 152’. 
The authors suggest that the substance may possibly contain the 
simple dextrin, ChHjAo + HA When starch-paste was treated 
at 70° with the diastase obtained from a kiln-dried malt, and the 
product treated with phony Ihydrazino, it gave, besides glucosazono, 
an osazone having tho form of Lintnor’s isomalt osazono, and melting 
at 150 — 153°. On analysis this gavo numbers corresponding to a 
trio&azone. It was concluded, therefore, that a in<m\ is one 

of the products of the action of diastase on starch. 

On critically examining all the published stn laments of Lminor and 
others on the occuiTence of this now carbohydrate '* isomaltoso " 
amongst the products of starch-hydrolysis, it is curious to note how 
very little real evidence has been brought forward to prove its identity 
with the isomaltoso of Fischer. Tho two substances are formed 
under such totally different and apparently opposed conditions (one 
by the continued action of strong acid on dextrose, and the other by 
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the limited hydrolytic action of diastase on starch) that the most 
positive proof ought to be forthcoming before wo can admit thoir 
identity. There are no indications in any of LintiuVs publications 
that he has ever prepared, or even had in his hands, Fischer's 
isomaltose. He has, apparently, been content to baso his proof of 
identity entirely on the fact that the melting point and crystalline 
hahit of his ££ isomaltose ” from starch-transformations correspond 
with the described properties of the osazone of Fischer's substance. 
We shall have occasion to show in the course of this paper that these 
very properties of the osazones are, from small disturbing causes, 
liable to remarkable variations, and that they certainly cannot bo 
regarded as criteria of identity unless thero is strong confirmatory 
evidence afforded by the examination of tile original sugars in a state 
of purity. This confirmatory evidence, in the case of the two iso- 
maltoses, is entirely wanting, as Fischer's isomaltose has never yot 
been obtained in a state of even approximate purity ; and the same 
may be said of the apparently similar compound described by 
Scheibler and Mittelmeier. 

We have ourselves prepared Fischer’s typical isomaltosazonc, and 
also the substance described by Scheibler and Mittelmeier, and shall 
have more to say about them on a future occasion. In melting point 
and general crystalline habit they certainly much resemble the 
osazone of Lintner's te isomaltose, ” but it is the last-mentioned sub- 
stance only, and the carbohydrate giving rise to it, which we shall 
consider in this communication. How far the explanation which we 
have to give of Lintner’s “ isomaltose ” may he found applicable to 
the isomaltoses of Fischer, and of Scheibler and Mittelmeier, wo are 
not at present prepared to say. 

Paut II.— Exvkium kntal. 

At the time when Liutncr first commenced his series of publications 
on “ isomaltose, 5 ' wo were very fully occupied with investigations of 
quite a different nature, and it was not until about i wo years ago 
that we were able to commence a re-examination of tho whole 
question from Lintner’s standpoint. Owing to a variety of circum- 
stances onr work had to be suspended for a time, and it was not until 
last autumn that an opportunity oecurrod of again taking up tho 
investigation, which, from that time to the present, has been con- 
tinued without any further interruption. 

Our first endeavour was to prepare Lintner’s “ isomaltose,” in such 
a state of purity aud iu such a quantity as to admit of a most 
searching examination of its chemical and physical properties. For 
this purpose a transformation of 1000 grams of well purified, air- 
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dried potato starch was made wifcli 60 grams of a very diastatic, air- 
dried malfc, exactly under the conditions laid down by Lintner in his 
later paper*, the action being stopped when iodine gavo a red colora- 
tion. On analysis, the mixed products of the starch transformation 
were found to possess the following optical and reducing properties. 

[aV* 169*9 ([>1 D 153*1). 

K j qg 40*48 

After evaporation, we proceeded to fractionate the products of 
hydrolysis, amounting to 792 grams, with alcohol in the manner 
described in detail later on. The sequence of these various frac- 
tionations can best be followed by reference to the accompanying 
table (Table I), which shows at a glance the genetic relation of the 
various fractionated products, and some of their leading properties, 
which are described more fully in the text under their respective 
heads. 

We must at the outset allude to one very important conclusion to 
which all our experiments lead, as this requires to bo borne con- 
stantly in mind when considering the detailed results. The entire 
investigation confirms in the very fullest manner the accuracy of a 
generalisation which we have frequently insisted on, but which has 
been strangely overlooked by recent workers on starch-hydrolysis. 
We refer to the constant relation which is always found between the 
specific rotatory power and specific cupric-reducing power of any 
portion of the fractionated products of a starch transformation. 

All onr previous experimental work on the fractional separation of 
starch-products, whether by precipitation by alcohol, by dialysis, or 
by fermentation, has pointed unmistakably to this mutual dependence 
of opticity and reducing power, a dependence which was also very 
clearly brought out iu the earlier work of 0. O’Sullivan, who was the 
first to demonstrate it. The nature of this relation is such that, 
given the specific rotatory power of any separated portions of the 
starch products, it is possible to calculate what its cupric reduction 
must bo ; and, conversely, when the cupric reduction is known the 
specific rotatory power can bo predicted with equal certainty. 

Wo have on several occasions stated the exact terms of this law, 
which we shall in future «efer to as the “ law of definite relation,” 
but, in view of its groat importance, we will once more state it. 

The composition of the mixed products of a starch transformation by 
diastase , or of any fractionated portions of suck products, can always hi 
consistently interpreted in terms of maltose, having an opticity of 
150°, and a reducing puwei* of 61*0, and of a non-reducing dextrin 
having an opticity of 210°. 

This law may, for our present purpose, be regarded as a purely om- 
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pirical one, and it is entirely independent of any special view which 
may be taken of the mode in which starch is hydrolysed, or of the 
nature of the intermediate products which occur between starch and 
maltose. All these intermediate products must, however, ho subject 
to this law, otherwise in elaborate fractionations wo should often 
come across fractions which do not conform to it.* 

When any portion of a starch transformation is found to diverge 
from this “ law of definite relation/’ it is always found on examina- 
tion to be due to the disturbing presence of some other ^substance or 
substances, such as those derived from the malt extract, non-volatile 
products of fermentation, &c. The application of this law affords 
us a most valuable criterion of purity, and a chock against experi- 
mental error. 

One or two examples will render the foregoing statements some- 
what clearer. 

We will assume that a fractionated portion of the 3 tarch -products 
has been found to have an opticity of 167*2°, and a specific, 

reducing power of « 3 . 86 44*4. The question arises, are those values in 
the definite relation demanded by the above law ? As tho reducing 
power of maltose is 61*0, the percentage of maltose apparently 

44*4 x 1 00 

present, calculated from the redneing power, will he gj = 

72*7. N ow the specific rotatory power of a mixture consisting of 
72*7 per cent, maltose of [aj^ss 150, and of 100 — 72*7 = 27 3 per/ 
cent, dextrin with a specific rotation of [a] y3 . fa8 2L0°, will be 


72*7 x 150 + 27-3 x 216 „ ^ 

— m ■= 1(58-0°, 


a calculated opticity but very little removed from tlio observed 
opticity of 167-2°. 

On the otbor hand, a fractionated portion of stiiirh-produHs, 
having a specific rotation ot [a | l4 . m 146-4° and a reducing power 
of ju-at 41*4, would be absolutely inconsistent with the “ law of 
definite relation,” as such a reducing power corresponds, ns wo have 
soon, to an opticity of [«],,.,» 107 - 2° instead of 14(5 4°. 

Whom the properties of Lintnor’s “ isonmltoso ” arc submitted to 
the test of this law, it is found not to bo in accord with it, if wo tako 
Lintnor’s own valued for tho opticity and reducing power. 

Talcing [a]„ 140° and R 80 as Lintnor’s values, wo find that 
these are equivalent to [as], 156-0°, and « 48'8. Now a reducing 
power of k 48-8 requires an opticity ot [a], = 168-2°, and, on the 


* The only limitation to this statement which wo can make i. in those compara- 
tively me rases where dextrose is formed by tho long-ci illumed aeiiou of the 
diastase, or whoro this sugar 1ms been introduced with tho mall extract employed. 
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other hand, an opticity of 156*0° requires a reducing power of 55*3, a 
discordance which is altogether outside the limits of error allowable. 
We can therefore conclude with certainty either that the “ i&omaltose ” 
described by Lintner contained some impurity not due to the starch, 
or that the method of determining the cupric reduction is not com- 
parable with ours. These are considerations quite outside the 
question of the homogeneity of “ isomaltose.” 

Fractionation of the Products of Starch Hydrolysis . 

The total amount of starch-products amounted, as we have seen, to 
792 grams, having a specific rotatory power of [al^-sc = 169*9° and 
a reducing power of kj. a e 40*48. 

The angle calculated from the reducing power is [a];,.#, = 172*2°, 
as close an agreement as can be expected when we consider that the 
792 grams of starch-products contained the soluble portions of 
60 grams of malt used in the transformation. 

The products of hydrolysis wore, in the first place, separated into 
two chief fractions, A 1 and A 2 (see table, Plate I), in tho 
following manner. The syrup, containing 792 grams of A, was poured 
slowly, and with frequont agitation, into 11 J- litres of hot alcohol of 
such a strength that the spirit on dilution with tho syrup containod 
85 per cent, of alcohol. When cold, the alcohol was ponrod off from 
the precipitate, which was then further extracted with successive 
portions of hot 85 per cent, alcohol in large flasks, immersed in a 
water bath, and famished with upright condensing tubes. 

This treatment was continued for several days, until the alcohol 
practically ceased to dissolve any more of the starch-products. Wo 
thus separated the original syrup A into two chief fractions, A ], 
insolnble, and A 2, soluble, in 85 per cent, spirit. 

Fraction A 1. — Insoluble in 85 per cent, alcohol. This fraction 
had a specific rotation of [a^j.so 202*2°, and a cupric reducing 
power of alm, 12*7. The opticity calculated from tho reducing power 
is [a] j3 .b6 202*24°, so that this fraction is strictly in accord with the 
“ law of definite relation.” 

With phenylhydrazinc, this insoluble portion did not give a trace, 
of a crystallisable osazone. Tho weight of the fraction was 256 grams, 
that is, a little over 30 per cent, of the total si arch -products. 

As this fraction A 1 evidently did not contain any of the particular 
substance of which we were in search it was, for tho time, put on one 
side. 

Fraction A 2. — Soluble in 85 por cent, alcohol. This amounted to 
534 grams,* and on analysis gave the following numbers : — 

* The weight of those fractions wns of course slightly reduced by tho loss of a 
wnall portion taken out for analysis. 

* 3 o 2 
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[a] ^ 156-6°. * 3 . 8e 52-99. 

The specific rotation calculated from this k is 159*0°. 

With phcnylhydrazine, this fraction gave a largo yield of a crystal - 
lisable osazone, having all the appearance of “isomaltosazone.” 

It was now considered desirable to see how far the moan optical 
and reducing properties of the derivative fractions A 1 and A 2 coxtos- 
pond with those of the parent fraction A. This could of course be 
readily done as the total weight of substance in each fraction was 
actually known, allowance being made for the small amount of the 
fractions used up in the analyses. 

M )A 86* K.J’86- 

Calculated mean of fractions A 1 and A 2 ... . 171*8° 40*12 

Parent fraction A 169*9 40*4 j8 

These numbers are in very close accord, and conclusively show that 
no decomposition or further hydrolysis of the starch-products had 
taken place during the long treatment with alcohol. This method 
of re-combination was, it will be noticed, frequently employed during 
the progress of this research, and afforded a valuable check on the 
results at certain stages. 

Further treatment of Ft action A 2. — After a complete separation of 
the alcohol, the hot syrup, containing 534 grams of solids, was poured 
into 2 litres of alcohol of 95 per cent., which was maintained at the 
boiling point. The resulting mixture contained about 85 per cent, 
of alcohol, and the solution containing most of the water of the 
syrup, was poured off and distilled, the residue being further 
evaporated and then added to the main portion which was now 
treated with alcohol of 92*5 per cent. This treatment was effeci ed, 
as usual, by digestion in the water-bath with six successive portions 
of 92*5 per cent, spirit, each one consisting of from 2} to 3 litres. 
Each separate digestion was continued for from five to eight hours, 
and the total quantity of alcohol employed for the extraction of tlie 
534 grams was 16 litres. After each treatment, the alcohol was 
allowed to cool before decantation and distillation. 

In this manner we ultimately split up Fraction A 2 into 78 grams 
* of B 1, insoluble in 92*5 per cent, spirit, and into 456 grams of B 2, 
soluble in that menstruum. 

Fraction Bl. — Insoluble in 92*5 per cent, alcohol. As Lintner 
has stated that his “ isomaltose ” is much loss soluble in 95 per cent, 
alcohol than maltose, it was expected that this residue, B 1, would 
contain a considerable quantity of u isomaltose.” Such, howevor, was 
not the case, as it did not yield a trace of a crystallisable osazone on 
treatment with phenylhydrazine acetate. We contented ourselves, 
therefore, with an analysis of this fraction, reserving its full examina- 
tion for a future time. 
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Tlie opticity and reducing - power were found to be 
179*0, ^3.86 36*1. This opticity requires an angle of 177 0°, which is 
sufficiently near the observed angle to bring it within the “ law of 
definite relation.” 

Fraction B 2. — Soluble in 92*6 per cent, alcohol. This amounted 
to 456 grams having the following properties : 

Mj * 86 150*0°. *3. b o 56 8. 

The angle required by the above k is 154*5°. The want of closer 
agreement here is due to the fact that this fraction contained about 
2 per cent, of sugar directly derived from the malt used in the trans- 
formation. It will be noticed how these were ultimately separated 
and concentrated in subsequent fractions, 0 1 and E 1 of the table. 

A preparation of the osazone of fraction B2 was made in the 
ordinary man ner with phenylliydrazine acetate. A little glucos- 
azone was formed, and on filtering this off and cooling the filtrate, 
an osazone came down in spherical aggregates of well-defined needles, 
which after several re-crystallisations were found to have a melting 
point of 149 — 152°. 

The appearance of the osazone, as well as its melting point, corre- 
sponded to the described properties of Lintnor’s “isomaltosazone,” 
with which it is no doubt identical. 

fraction B 2 appeared therefore to be “ isomaltos© ” with a little 
dextrose or levulose. 

At this stage, the mean properties of the derivative fractions B 1 
and B2, wore again compared with the properties of the parent 
fraction A 2, with the following results. 

M/i 86- 86* 

Calculated moan of fractions B 1 and B 2 154*2° 5 3*7 

Parent fraction A 2 * . . . * 156*6 52*99 

Here again we have sufficient proof that the treatment was not 
modifying the properties of the substances we were dealing with, and 
that the separation was only due to differences of solubility in the 
constituents. 

Having now obtained in fraction B 2 what appeared to bo fairly 
pure “ isomaltose ” with a small quantity of glucose derived from the 
malt used in the experiment, wo proceeded to submit it to farther 
fractionation. 

The solution of B 2 was evaporated down to a thick syrup, and, in 
order to ensure a perfectly definite strength of alcohol in the sub- 
sequent experiments, the water was determined in a weighed 
quantity. The whole of the syrup after being weighed was removed 
to a flask and treated with boiling alcohol of 98 per cent, strength, 
which, with the water of the syrup gave a mixture containing alcohol 
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of 96 per cent. The amount of alcohol used in tlie first treatment 
amounted to 3*6 litres to the 456 grams of solids. Aiier treatment 
for three hours in the water-bath with frequent agitation, the solu- 
tion was cooled, and the supernatant liquid poured off and distilled, 
the residue being again treated in a similar manner with further 
quantities of 95 — 96 per cent, alcohol. In all, this treatment was 
repeated seven times, the original parent fraction, B 2, being thus 
divided into eight fractions of which C 1 to 0 7 were successively 
dissolved out by 96 per cent, spirit, whilst 0 8 was the residue. (See 
Plate I.) We give in the following table the weights of each of 
these eight fractions with their optical and reducing properties, and 
also the opticity calculated from the reducing power according to 
the “law of definite relation.” 

Table. — Optical and Reducing Properties of Fractions . 


Cl. 02. 03. 04. 05. 06. 07. 08. 

Weight in grams.. 92*2 75*07 51*25 52*44 53*53 37*22 39*32 44*41 

[alfc .86 139*7° 147*1° 154*1° 153*0° 152*2° 156*2° 166*4° 162*5° 

* 3.86 64*77 61*5 59*1 57*78 57*76 56*0$ 63*29 48*57 

M.73-86 calculated 

from k — 150*0° 152*4° 163*4° 153*6° 155*4° 158*3° 163*4° 


Fraction C 1. — On preparing the osazone from this fraction, a very 
marked quantity of glucosazone separated while the mixture was 
still in the water-bath On filtering this off and allowing the filtrate 
to cool, it deposited an osazone in aggregates of plates , similar to those 
which are often obtained from pure maltose solutions. Re-crystallisa- 
tion did not alter the form of the osazone until this had been repeated 
several times, when a few spherical aggregates of w isomaltosazonc ” 
could be detected. The molting point could not be raised above 
184°. 

Fraction C2. — Treatment of this fraction with phonylhydrazine 
acetate also gave a trace of glncosaaone , and from the cooled filtrate 
an osazone separated, consisting principally of maltosazone in 
aggregates of well-formed plates. Intermixed with these wore a fair 
number of the spherical aggregates of needles corresponding to 
Lintner’s “ isomaltosazone.” 

On recrystallisation, however, this osazone gave an altogether un- 
expected result, the plate-form of maltosazone giving place to a mass 
of crystals in aggregates of fine needles which could not bo dis- 
tinguished microscopically from Lintner’s “ isomaltosazone.” The 
experiment was repeated with a similar result, the maltosazone first 
formed showing a tendency to pass over into the u isomaltosazonc 9> 
form on recrystallisation. The melting point also varied to a re- 
markable extent, lying between 165° and 185°, and being distinctly 
lowered as the osazone approach ed the “ isomaltosazone ” form. 
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Fraction 0 3. — iNTo gluco^azone was formed on treatment with 
phenylhydrazine, the greater part of the osazone separating in the 
“ isomaltosazone ” form, bnt there were also present some aggregates 
of well-formed plates of maltosazone. The melting point was very- 
constant at 1G5 — 166° during all the recrystallisations. 

Fraction 0 4. — The osazone of this fraction was very similar to 
that of 0 3, but contained decidedly less of the plate aggregates. The 
melting point varied from 157° to 165° in the various recrystallisa- 
tions. 

Fraction 0 5. — The osazone, several times recrystallised, showed 
scarcely anything but the “ isomaltosazone ” forms, but a very few 
plate aggregates were recognisable. Melting point of osazone, 
158°. 

Fraction C 6. — The osazone of this fraction consisted entirely of the 
spherical aggregates of fine needles typical of “isomaltosazone,” 
having a constant melting point of 152 — 153°. Percentage of nitrogen 
m osazone, 10*40. 

Fraction C 7. — The osazone of this fraction, like the last, was 
typical “ isomaltosazone.” The melting point was, at first, 150°, bnt 
rose to 153° after four recrystallisations. 

Fraction C8. — This was the residue loft after protracted treatment 
with alcohol of 9G per cent. ’With phenylhydrazine, it yielded an 
osazone, separating somewhat slowly in indefinitely crystallised 
spherules, which, on recrystallisation, assumed the typical form of 
“ isomaltosazone.” Melting point of osazone, 150 — 153°. 

At this stage of the fractionation, the mean angle and reducing 
power of all the fractions from 0 1 to 0 8 were determined, and the 
results were found to be in close accord with the opfcicity and 
reducing power of their parent fraction, B 2 ; thus, again, proving that 
no change was taking place in the starch-products by this long-con- 
tinued and repeated treatment with alcohol. 

In considering tho nature of tho osazonos obtained from the frac- 
tions 0 1 to 0 8, it is a noteworthy foot that whereas the parent 
fraction, B 2, from which they were all derived, gave a perfectly 
typical “ isomaltosazone ” without any apparent mixture of maltos- 
azone, yet the five derivative fractions, representing, in the aggregate, 
about 70 per cent , by weight, of the parent fraction, all gave indica- 
tions of the plate-form of maltosazone. The osazoncs of the first two 
derivative fractions, 0 1 and 0 2, amounting to 35 per cent., by 
weight, of the whole, consisted, in fact, as far as microscopical 
appearance went, mainly of maltosazone . 

Further consideration of Fractions 0 6 and C 7. — As it is evident 
from the properties of their osazones that these two fractions must, 
according to Lintner’s definition, be pure, or nearly pure, “iso- 
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maltose,” we here, again, give their optical and reducing properties, 
withi their equivalents in the notation adopted by Lintner. 


|>W K 3-S8* 

Fraction 0 6.. 156*2° 56*03 

„ C7.. 156*4 53*29 

It will be observed that the specific rotatory power corresponds 
almost exactly with that given by Lintner for pure ** isomaltoso,” 
namely, [a]j> 140°, bnt that the reducing power is decidedly 
higher than Lintner’s number, which he has stated at various times 
to be R 80 or R 84. Now, as R represents the reducing power cal- 
culated as a percentage of maltose, Ft x 61 -f- 100 must be the value 1 
of * for Lintner’ s substance — that is, in this case, 48*8. But a 
starch derivative with this k ought to have an opticity of [a 1/ 163*2°, 
instead of lfiG^ 0 actually obsorved. In other words, the opticity and 
reducing power of Lintner *s “ iso maltose,” as described by him, arc* 
not consistent with the relations that ought; to exist, and which cer- 
tainly do exist in any fractionated .portions of starch transformation 
products. We believe that the difference between our numbers for 
the reducing power and that of Lintner is due to the method oi 
determination of the reducing power, a point on which wo shall have 
something to say in a future communication, 

j Molecular Weight of Fraction C 7. — This was determined in the 
usual manner by Raoult’s cryoscopic method, and found to he 
M = 351. 

Treatment of Fraction 0 6 with Diastase . — Hiepe lias stated (11) 
that no appreciable increase in specific gravity occurs in a solution of 
“isomaltose ” which has been digested for a long time with diastase, 
although this treatment is attended by a change of “ isomaltoso ” 
into maltose, as proved by the osnssone test. Ling and Baker (18) 
also found no increase in specific gravity under the foregoing con- 
ditions. The theoretical importance of this alleged fact is very great, 
in view of the possible composition of “ isomaltoso.” 

If “ isomaltose ” really contains any doxtrin or ainylin group, 
evidence of this ought certainly to bo forthcoming on treatment with 
diastase in a small, though sensible, rise of specific gravity. Ah a 
matter of fact, we have found, notwithstanding the above' statements 
to the contrary, that such a rise of specific gravity docs take place 
under these conditions, and that this increase of solids in the solu- 
tion is equivalent to the amount of amylin constituent deduciblc 
from the opticity and reducing power of the “ isomaltoso.*’ 

We made three separate experiments with fraction 0 6 to deter- 
mine this point, and all of them poiut to an unquestionable increase in 


[«]»• 

E. 

140-2° 

91-8 

140-3 

87-3 
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solids on treatment of the tL iso maltose ” for 00 minute* with malt -extract 
at 51—53°. 

When all precautions wore taken, the total increase in solids, 
as shown by the vise of spociiic gravity of a solution containing 
LL*88(> grams of “ iso maltose ” per 100 c.c., amounted to 0*48 per 
cent. Tho increase actually required on tlio assumption that the 
amylin constituent of “ isomaltoso 99 has boon carefully hydrolysed, is 
0*45l per cout. 

That tho so-called “ isomaltoso ” was completely converted into 
maltose by the treatment described in the last experiment is shown 
by tho following numbers. 



r a i/3-w>* 


Isomaltose” solution hofoi'c digestion 



with diastase 

l r>(i-2° 

:>i>-0.‘i 

Isomaltose” solution after digestion 



with diastase * 

180-8 

liO-47 


Further evidence of tins complete conversion was also afforded by an 
examination of tho osnzonos before and after tho above treatment. 

Dialysis of Fraction 0 (>.- -Before continuing tho fractionation of 
any of tin* 0 series, it was considered desirable to ascertain if any 
members of this series which approached pure “ isomaltose h in pro- 
perties, could ho differentiated by dialysis . 

A portion of fraction 0 (> was dissolved in water, and tho solution 
made up to about 5 per cent, strength. This was placed in a diaiysor, 
tho water outside being changed at intervals of 24 hours. Mach 
diffusato so obtained was evaporated and examined separately, the 
opticity, reducing power, and molecular weight being determined. 
The results woro as follows. 



Fa rent 
find ion 
0(1. 

iKt. 

dilTtiHfitc. 

(lilfuMih'. <lifl’ii”ui-. 

[ « ba m * • • * 

^3*HB 

Molecular weight (cry- 
OMfOpie mot hod) 

1 ft .l/B»Hfl«d*’ulnted from 

K 

is« -a" 

SB MW 

155-4' 

ist-r 

57 -li 
aaa -o 

163 -r 

166 -r> 16(1 Ml 

6B Mi 55-7 

373 -0 3K7M) 

IW.-H" liif.-ll' 

1 157 Ml" 
6*6-4 
373-0 

157*1" 


As those results showed a small amount of differentiation by dialysis, 
it was determined to again resort to fractionation with alcohol. 

For this purposes fractions 0 0 and 0 7 were united, and evapo- 
rated on tho water bath, Tho mass so produced set quile solid on 
cooling, and after transference to a flask, was treated with 2 litres 
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of boiling absolute alcohol for eight hours in the usual manner. 
When cold, the alcoholic solution was poured oil and distilled, tlio 
residue being again treated in a similar maimer with 2 litres more 
of absolute alcohol. This treatment was repeated three times, with 
the result that the united parent fractions 0 () and 0 7 were further 
divided into four parts, FI, F2, F3, and F4, the Iasi being the 
residue after successive treatment witli spirit 

Fraction FI. — The 16*36 grams of this fraction had an opticity 
of [a]y 3 . 8 fi 150 7°, and a reducing power of a , m 59 5, the opticity 
calculated from this reducing power being 151*6°. The osazone, in 
preparation, separated out in the “ isomaltose ” lorm, bntilio molting 
point was 156 — 157°, that is, decidedly higher than that of the 
parent fractions C 6 and 0 7, which was 150 — 353°. Percentage of 
nitrogen in the osazone, 10*64. 

Fraction F 2. — The 7 81 grams of this fraction had [a],,.#, 160* V 
and * 3.86 51*9. The opticity calculated from the reducing power is 
159*9°. The osazone in appearance and molting point was that of 
typical *' isomaltose.” 

Fraction F3. — Weight 6*46 grams, with an opticity of [«■],».»» 
158*7° and a reducing power of a.j. h8 52 2, the angle calculated from 
the reducing power according to the M law of definite relation ” being 
159*5°. Here, again, the osazone was that of typical u isomalt ose.” 

Fraction F4. — Weight 3*06 grams. Opticity 159*4°. 

Reducing power * 3.86 53*1. The angle calculated from the reducing 
power is 158*5°. The osazone was that of typical u isomnliose,” 

At this stage, the mean opticity and reducing power of fractions 
FI to F 4 were calculated, and were found to ugroe closely with 
those of the mixed parent fractions 0 6 and 0 7. 

Calculated mean of fractions V 1 — F4 .... 155*2 55*7 

Pareut fractions 0 6 and 0 7 155*9 56*0 

Treatment of Fractions 03, 04, and 05 united.- -Those throe 
fractions, amounting together to 157 grams, had almost idontusal 
optical and reducing properties, as will be soon by referring to the 
table (Plate I). Their osazone had, however, a somewhat high molting 
point, i*anging from 158° to 165°, and there was a suspicion of tlio 
presence of a trace of glucose in one of them. 

After uniting these tractions, they were submitted to a very 
thorough differentiation with alcohol, and we regard the results 
obtained by the examination of their derivatives ah of the highest im- 
portance in this investigation. 

The united fractions were treated in the usual manner by diges- 
tion for six hours with 3 litres of boiling alcohol of 95 por cant. 
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strength, which differentiated them into a soluble portion K, which 
will bo considered latter on, and an insoluble portion 1). 

Fraction 1).--Tliis amounted to about 50 grams, aiul its opticily 
was [a ]„. mb 1<>() r»°, and its reducing power a, .^52*2. The optieiiy 
calculated from the a is ISO'S". The osazono crystallised in spherical 
aggregates of fine noodles, typical of 44 isomaltosazone,” and with a 
constant molting point of 153° (seo Platt 4 II, Fig. 2). 

Owing to the importance which this fraction 1) assumed in onr 
subsequent experiments, wo prepared and studied its osazono on 
several diflereut occasions, but no matter how many times it was 
reerystalJised, the crystalline habit and melting point wore un- 
changed, and wo could never detect in it any trace of the plates and 
plate-aggregates characteristic of maltosazonc proper. Percentage of 
nitrogen in osazone, 10*34. 

Fraction 1) was now further treated with threo successive quan- 
tities of hot absolute alcohol, each of 2 litres. In this way it was 
split up into threo sola bio fractions, 1)1, I) 2, and D 3, and a residue, 
D4. These derivative fractions had the following properties. 



D t. 

1 ) 3 . 

ns. 

Amount, in irrams 

u-usi 

153-8° 

57 •« 

■B 

F0l ■ 

0 ‘105 
100*6* 

52 *2 

r a ], 3 .MK 

U J/5» , ob 

'*o'nD 


The moan values of theso fractions arc IS7*8" and Kj. m 53*7, 

against | &)#•& 160*5° and kj.hc 52*2 for tho parent fraction !)• 

The yield of osassono from iho parent fraction I) was only 4*7 per 
cent, on the amount of solid taken for troatmoul with phony 1- 
hydraaine. The yield from fractions D1 to 1)4 was considerably 
mow than this, but very variable in quantity, as will bo mum 
below. 

Fraction I) l.« Woven grams of this fraction gave 3*0 grams of 
eiystallisod osassono, which roprosonts a yield of 55 per cent. Nearly 
the whole of the crystals separated in larges well-formed plates, in 
some cases singly, but for the most part arranged in aggregates 
around a central nucleus. It was, in fact, wolUeharacstoriHcd w ttito** 
atone, with but a relatively small quantity of the spherical aggregates 
of fine needles which have boon hitherto known as isomnltos- 
azone.” 

The molting point was low, the crude product moiling at 153—155' , 
After one roerystallisation, this was practically unaltered, but rose to 
150 — 15H° after a fourth iroaiinont of this kind, when it was discovered 
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that the crystals had become changed from their original plate- 
form to true needle aggregates of “ isomaltoHazono.” This curious 
transition of the osazono from tho maltosazono to the “ isomaltos- 
azone” form led to a close examination of the conditions under 
which the osazone was deposited. It was found that on slowly 
cooling the solution of the osazone, there was evidence of the separa- 
tion of a small quantity of a second substance which wjis apparently 
more soluble than the crystalline osazone, as it separated after most 
of this had been thrown down. The osazone was accordingly frac- 
tionated by filtering the solution whilst still warm, and further 
recrystallising the first portion thrown down. The crystals in this 
case were well-formed plate aggregates of the maltosazono type, 
and the melting point rose to 162 — 168°. When this process was 
repeated eight or ten times, the melting point again fell to 153— 154°, 
although the malfcosazone plate form was retained. It was evident, 
however, from the increased production of minute oily globules with 
the crystals that a decomposition of the osazone was taking place. 

It was while employed on this part of our subject that the 
suspicion first arose that the so-called M isomaltosazono ” might 
after all he nothing but maltosazone modified in crystalline habit 
and melting point by the presence of a small quantity of another 
substance. How fully this suspicion was confirmed will appear later 
on. Percentage of nitrogen in D 1 osazone, 10*68. 

Fraction D 2. — Six grams of this fraction, with phcnylhydrjizine, 
yielded 2 grams of crude crystallised osazone, t hat is, 33 per cent . 
This consisted principally of needle-aggregatos of “ isomaltoHazonc,” 
with some plate-aggregates of the maltosazono typo; on the first 
recrystallisation, these increased in quantity, but tho osazono reverted 
more and more to the “ isomaltosazone ” type on each subsequent 
recrystallisation. On ibe fourth treatment, tho plafo-forms entirely 
disappeared. The melting points wore as follows* 

First rocrystallisation 145- l-W* 

Second 151 — 153 * 

Third 153° 

Fourth „ ...... .. 153° 

The melting point of tho plate-aggrogatos in this case (lid not 
differ from that of the needle-aggregates. Percentage of nitrogen 
in osazone, 10*10. 

Fraction D 3. — The yield of osazono from this fraction was 21 per 
cent. The crude osazone came down in tho “ isomali osazono" 
form with an appreciable quantity of plate-aggregates, which almost 
completely disappeared after several recrystallisations. 
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Melting point of osazone - 

First recrystallisation 141 — 145“ 

Hocond „ 114— 147’ 

Third „ 1 

Fourth „ 152' 


Percentage of nitrogen in osazone 10*20 

Fraction 1)4. — This, with phonylhydrazme acetate, yielded 25 per 
cent, of crude osazone, which separated in the u isomaltosazone ” 
form, with mere traces only of the plate form. 

Melting point of osazone - 


First rccvystallisation 1 14 ~it(> r 

Second „ 147 140 

Third „ 152 — 15:? 

Fifth „ 151' 


Percentage of nitrogen in osazone 10*47 

A most important fact is brought out in the detailed examination 
of fractions I) l to D4. Although they are derived from a frac- 
tion 1), which yielded noihiug but typical “ isomaltosazone,” yet 
most of these derivative fractions give osazonos which consist, wholly 
or in part, of groups of crystals in woll-dovelopod plates, which are 
microscopically indistinguishable from tnalftmtaone. This change 
into the plato form is to some extent attended with a rise of molting 
point, but this is not invaluably the case. 

Notwithstanding the fact that the moan of the op tieitios and reduc- 
ing powers of the derivative fractions I) I — 1 ) 4 wjih found not to differ 
from the same properties of the parent fraction 1), yet there seemed 
just a possibility that this marked change in tho eharae tor isties of 
the osazonos of the derivatives might be due to some slight chemical 
alteration in I), brought about by the process of fractionation. 

This was put to tho proof by reuniting portions of ouch of the 
Fractions 1) l to 1)4 in the proportion in which they originally 
existed in I). When this was done, it was found that the mixture 
had all the original properl ios of 1), and that the osazone was identical 
with that of 1) in every inspect. r Vhr osasonrs of tho mired d erica live 
fractions had , in fart , Truer fed to thr 4i hmmi tom zone " form and 
milling point, nor was it possible by tiny means to nutlet* thr rc, combined 
fraction s yield com a truer of thr plate crystals of malt osazone. (The 
osazone of tho recombined fractions was found to contain 10*22 per 
cent, nitrogen.) 

Here, then was a distinct proof that a substance yielding only a 
typical “ isomaUostmne” could, by suitable fractionation, bo split up 
into a portion yielding nialtosazone. Tho experiment was still more 
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suggestive of “ isomaltosazone,” being nothing but maltosazone 
modified in its properties by the presence of another substance. It 
would appear also tliat this modifying substance, whatever it is, is 
somewhat less soluble in absolute alcohol than is maltose. 

Before further discussing this point, wo must consider the other 
fractionations referred to in the table (Plate I). 

Fraction E. — This was the complementary portion of fraction D, 
soluble in 95 per cent, spirit. It amounted to 3 07 grams, and was 
further fractionated with 95 per cent, alcohol into E 1 soluble, and 
E 2 insoluble. 

Fraction E 1. — Specific rotatory power [a] 7 ,. 86 1397°, reducing 
power /l 3 . 86 63*8. These numbers point unmistakably to the presence 
of dextrose, which was abundantly confirmed by the osazono test. 
After separation of the glucosazone from the hot solution, there 
came down, on cooling, an osazone almost wholly consisting of plate- 
forms of maltosazone. This fraction was evidently a mixture of pure 
maltose with about 10 per cent, of dextrose. Such a mixture 
requires [a] ^ 140-8 and *.&. 6 64-9, values in very close agreement 
with those actually observed. 

Fraction E 2. — Opticity [a] ;3 . Bb 152-0°. Reducing power * 3 .86 55*7. 

The osazone consisted of a mixture of needle and plate-aggregates. 

We have now only to consider Fraction C 8, the residue of B S? 
after seven successive treatments with 95 per cent, alcohol, amounting 
to 40 grams. This was in the first place treated successively with 
two portions of hot absolute alcohol, but as the amount of substance 
dissolved in the second treatment was small, the strength of the 
alcohol was afterwards reduced to 95 per cent. 

Four fractions were thus obtained, which nro designated in the 
plate as Gr 1 , Q 2, G 3, and the residue G 4. 

Fraction G 1. — Weight, 0*93 grams. fa]„. H o !5(>*7 n . 54*5. 

Tlio yield of opazoue was 14 per cent., nnd it consisted of typical 
“ isomaltosazone,” with a constant melting point of 151° Per- 
centage of nitrogen in osazone, 10-32. 

Fraction G-2. — Weight, 3*61 grams, [a] /HJ o 101-8°. 49*8. 

The yield of osazone was 8*2 per cent., and it consisted of typical 
u isomaltosazone,” melting at 153°. 

Fraction G3. — Weight, 15*70 grams, [a 159-2°. *,.«) 52*5. 

The yield of crude osazone was 14'5 per coni. After two roerystaJ- 
lisations, it came down in the form of typical “isomaltosazone,” 
melting at 152°, 

Fraction G 4.— Weight, 13*97 grams. [aj^ITO 6° «,. B6 41*8. The 
yield of osazone was 15*5 per cent., and it separated in the nsnal 
spherical needle aggregates of “ iso maltosazone.” 

The mean calculated values of the fractions G 1 — G 4 gavo 
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162‘9°,ttnd m- w> 48*8, against fa*],,.* lG2*f>‘\ and 1«S 3, found in the 
parent fraction 0 8. 

Vermont at ion of “ horn alt ose. 9 ' 

Although much lias boon wriiton during the last two or three 
years on the formontability of “ isomalroso,” it is a very remarkable 
fact that no one, as far as published statements show, has taken 
the trouble to ascertain to what extont the unlenneniablo portion 
corresponds in optical and reducing properties with the original 
isomnltoso taken, and with the portion fermented x The very fact 
that only 30 to GO per eeni. of a substance is fermentable by a given 
species of yeast under suitable conditions, ought to have suggested 
the probability that the substance was not homogeneous. lint this 
is only one of several instances in the history of the later develop- 
ments of the question of starch-liydrolysis, where the most obvious 
pi*oeantions have beou neglected by those who boiiovo that in the 
osazone test they have a key which will unlock all the secrets of 
carbohydrate transformation, with the greatest despatch, and with 
the least possible expenditure of trouble. KL\tromcIy useful as the 
osazono test undoubtedly is, as an aid to such work as wo are 
considering, it may and does load to great errors, if its indications 
are not frequently checked by a constant appeal to other older and 
well-tried methods. 

When pure sugars, such as maltose and dextrose, are submitted to 
fractional fermentation, we invariably find that at any stage* of the 
process the optical ami reducing properties of the original substance, 
of the matter left, and of the matter fermented, agree with each 
other. Much, however, is certainly not the case with “ isomaltoso,” 
whether this is fomented with a pure culture yeast, or the ordinary 
mixed yeast, of our high fermentation breweries In sueh eases 
there is always a portion, sometimes ainounlim* to as much as 
30 pov end., which is quite un fermentable, and the orient ami 
mbteintj prupertit* of thin H*ulm paint to a tntailj/ thj)\rtut non posi- 
tion from fluff of (he portion mhieh has tiisappuunl, or fnnn that of 
the original k< immittlhmeJ*' 

It is no doubt a matter of considerable difficulty to further 
differentiate so-called “ isomaltose ” with alcohol, or even by dialysis, 
when the rotatory power has been reduced to |«| y |f>G f| ? j„ 140), 
but the want of homogeneity comes out at once, if we submit it to 
fermentation. 

The following experiment, which is one of several, serves to 
illustrate this. 

* 1 n the abstract of Mug and ItalerN paper prevumnly reform! to, it in Muted 
tlmt the unlorimmtablo portion of “ iMoinidltmo ” lain the hhuio properties uh tin* 
original Hubuanee before ter meat mum; ujMo ilut prawn t tune, lwwe\ or, vie ore 
without information tw to the evidenee on wuleh thin Mafeniont jh famed. 
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The fractions C6, 0 7, D 2, D3, and D4, consisting of so-called 
“ isomaltose,” were united. After mixing, thoy yielded, as before, 
a perfectly pure “ isomaltosazonc,” with a melting point of 152°. Tin 1 
percentage of nitrogen in the osazone was 10*25. 

Three hundred c.c. of a solution containing 22*64 grams of this 
“ isomaltose ” were sot to ferment with about 1 gram of washed and 
lightly pressed yeast (the mixed yeast of a “ high-lormontation ” 
brewery). Before fermentation, the matter in solution possessed the 
following properties. 

[<U 86 159*0°. 51*7. 

The fermentation was carried on at 28°, and was finished in throe 
days. On driving off the alcohol from a portion taken out for 
analysis, it w r as found that 61*5 per cent, of the “isomaltose ” liad 
disappeared, and ihe residue now possessed tho following properties. 
OLj.se 174*2°. *** 38*6. 

By estimating the actual loss during fermentation, and the 
difference in opticity and reducing power before and after fer- 
mentation, it was of course easy to calculate the optical and reducing 
properties of the fermented substance. These were found to be 
fclw. 150*0°. *3.* 58*8. 

These last numbers, within the limits of error of this class of 
experiment, represent the well known properties of maltose. 

We see, therefore, that the selective action of yeast proves beyond 
all doubt that so-called “isomaltose” is not the homogeneous sub- 
stance it is generally supposed to bo. Tho results arc also decidedly 
in favour of the assumption that tho readily fermentable portion of 
“isomaltose 99 is maltose. 


JS lamination of the TfnfermentahU* Portion of “ Isomaltose 99 

In the experiment we liavo described above, ibis residue had an 
opticity of [«]> w 174*2°, and a reducing power of s 4 . m 38*6. 

As it still gave a traco of a cry s tall isable osazone with phonylhy- 
drazine, it was again submitted to fermentation for three days, with 
a further quantity of 0*5 gram of yoast. Tho residue wow had an 
opticity of 173*5°, and a cupric reduction of k z . w 38*0, and 

m longer gave a trace of my insoluble osazone with phetiylhijtlrazine. 
Even with a concentrated solution, the mixture remained perfectly 
clear for several hours. 

If the composition of this substance is expressed in terms of 
maltose and dextrin, we find it to be as follows. 


Maltose. 

Dextrin. 


63*9 

36*1 

100 * 0 . 


requiring 

W>8 

%8tt 


173*8° 

38*0 
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This approaches very nearly to the composition of a maltodexlvin 
or amylom, containing two aniyltm groups to ono amyliu group, hut 
whotlier it is a homogeneous substance, or, as is most probably the 
case, a mixture of several such substances, must bo loft for further 
investigation. 

The Synthetical Traduction of 4< Iwmialtosanone’' 

It has boon already noted several times during the course of this 
investigation, how the continued fractionation of the starch-products 
and the concurrent examination of their osazones, gradually led to the 
conclusion that isomaltosazone is only mnltosazom with its crystalline 
habit and molting point much modified by the presence of anothor 
substance* Wo have repeatedly shown how a fraction yielding only 
puro “isomali osazono, ” can bo divided into separate portions, some 
of which yield au osazono indistinguishable from malfoi>azonc 9 anti 
that when such fractions are again mixed, the osazono roveris to its 
original ftt isomaltosozono ” habit* Whatever the modifying in II nonce 
may he, it is abundantly evident that a smaller quantity of the 
modifying substance is required to aftecc the moltiug poiut of the 
osazono than to influence its crystalline form, since wo can have an 
osazono composed entirely of aggregates of well-formed plates of 
maltosazone with a melting point only a very little higher than that 
of “ is<>mnlfosflzono, ,, and at loast 40° below the molting point of 
maltosazono, made from absolutely puro maltose. 

Again, the nitrogen dot eliminations, to which we shall presently 
ref or more fully, point to the “ isomaltosazono ” preparations being 
sensibly poorer in nitrogen than nuiltosazono proper. 

Wo ait' fully aware that a proof of the identity of the two osazones 
bosod on analytical methods only, however convincing it may bo to 
those who have actually carried out the experiments, cannot carry the 
same conviction to others, no matter how detailed a description of 
the experiments may be given, fortunately wo have boon able to 
completely demonstrate by synthetical methods the transformation of 
the oHitzono of pure maltose into the so-called “ mmtilhmzune” * 
When maltosazono, prepared from puro maltose, is allowed to 
separate slowly from its aqueous solution it is thrown down in the 
form of long yellow shining plates, having a melting point of 21XT 
(see Plato IT, Kig. 1). If the solution is cooled rapidly, the molting point 
of the osazono is only very slightly lowered, but the appearance of 
the crystals is somewhat altered. Instead of the long intorlaeing Hat 
plates, the greater part separates out in fairly compact aggregates of 
thin plates arranged round a central nucleus. 

In describing the properties of fraction l), wo had occasion to 
note that on treatment with phonylhydmzino, after tho complete 
von. nxvtr. 3 i> 
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separation of the erystallisable osazone, a small quantity of perfectly 
amorphous substance separated £i*om the solution. It was found that 
the addition of a very small quantity of this amorphous substanco 
to a hot solution containing a relatively large amount of puro 
maltosazone so far modified the latter that it separated on cooling 
in aggregates of plates, with a constant melting point as low as 
165 — 166°, that is about 40° lower than the molting point of pure 
maltosazone. Both in appearance and melting point this modified malt- 
osazone agreed with the osazone of fraction D 1 (sec Plato II, fig 3). 

This observation led ns to a further series of experiments which 
enabled us to so far modify pure maltosazone that in crystalline 
habit, melting point, and elementary composition it is indistinguish- 
able from Lintner’s tc isomaltosazone.” 

We have already described the properties of the residue obtained 
on submitting a solution of “ isomaltose ” to fermentation, and have 
stated that it amounted to 40 per cent, of the original substance, 
and did not yield a trace of erystallisable osazone with phenylhydra- 
zine, even under the most favourable conditions. 

To portions of this residue were added varying proportions of 
perfectly pure crystallised maltose , the solutions being afterwards 
treated with phenylhydrazine in the ordinary manner. Owing to the 
great importance we attach to these experiments we here give them 
in detail. 

Experiment A. — 1*15 gram of the nn fermentable residue of 
“ isomaltose ” with an equal quantity of pure maltose. The opticity 
of the mixture was [a] ;3 .s8 161*6°, that is about the same as that 
of the isomaltose before fermentation. This was treated with 
2 grams of phenylhydrazine, and a crystallised osazono separated 
ont on cooling in spherical aggregates of fine needles which wore 
not altered in appearance by repeated 2 ‘©crystallisation. The molting 
point of tho crude product was 145 — 147°, which rose to 152 — 153° 
in the second recrystallisation, remaining constant at that point. 
Percentage of nitrogen in tho osazone, 10*22, This osazono, 
although it is undoubtedly derived from maltose, corresponds in all 
respects with Lintner’s “ isomaltosazone” with which is is doubtless 
identical (see Plate II, fig. 4). 

Experiment B , — The proportion of maltose to unformontablo 
residue was here increased, namely, 1*15 gram of residuo with 1*91 
gram of maltose. The opticity of the mixturo was [«]>«« 1 58*6°. 
Treated with 3 grams of phenylhydrazine and the same amount of 
water as in A, it yielded an osazone in the form of spheero- 
crystals of typical “ isomaltosazonc. ,, On recrystallisation, the molt- 
ing point became constant at 168°, Percentage of nitrogo n in osazone, 
10*61. 
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Experiment (h — 1*15 gram of unfcrmon table residue with 2*08 
grams of maltose. Optioity of mixture, [a - ],,.* 150*9°. On treatment 
with 3 grams of phonylhydrstzine, the greater ]>art of the osnzono 
separated in typical noodle aggregates of kt isomaltosazono,” hut on 
the second rcerystal lisa t ion there were distinct signs of plate aggre- 
gates, Molting point, 109°. Poiuontage of nitrogen in osazone, 10'81. 

Experiment R — 1 * If) gram of un fermcniablo residue with 3*45 grams 
of maltose. Optieity of mixture, 150°. Treated with 4*5 

grams of plionylhydrazino, the crystallised osazone separated as a 
mixture of perfectly typical “ isomaltosazoiio 99 with pinto aggre- 
gates of maltosazono. Melting point, 174 — 177°, which was 
further raised by repoatod rcerystallisation to 185 — 190°. Percentage 
of nitrogen in osazone, 10*82. 

Hy gradually increasing the proportion of maltose to the nn fer- 
mentable residue of " isomaltoso ” wo have, in these experiments, 
obtained a series of osazonos exactly comparable with those obtained 
during the fractionation of so-called “isomaltoso,” and with pro- 
perties varying from those of “ isomaltosazono ” to mixtures of this 
with maltosazone. 

This synthetical production of “isomaltosazono” is in complete 
agreement with all our other observations made during fractiona- 
tion of the products of s tarch-ti»ansf orm ati on, and confirms in every 
way the opinion which wo had formed from the analytical pro- 
cesses that the constituent of “ isomaltoso,” which yields a crystal - 
lisablo osazone, is nothing more than iHtrHiute, and that “isomaltos- 
azone” is merely maltosazono modilied in erystallinc habit and 
molting point hy the presence of another substance derived from 
the action of phonylhydrazine on the malted ex triii or ainyloin oon- 
stituent of “ isomalloso.” 

In ordor to bring about this change of maltosazono into the 
“ isomaltosazoiio ” form, it is by no moans necessary to treat tho 
mixture of tho modifying substance and nmlfoso simultaneously with 
phonylhydrazine. Tho same result can ho attained hy merely 
recrystallising pure maltosazono in the dear liquid obtained hy 
previously heating the uu fermentable residue with phonylhydrnziuo 
and acetic acid. Tho maltosazono then comes down in the noodle 
aggregates of “ iho maltosazono,” and with the molting point of 
151 — 152°, providod tho maltosazono has not boon added in too 
great an excess. If tho quantity of malt osazono hoars too great a 
proportion to tho modifying substance, the rcerystal lisod osazono 1ms 
its melting point somewhat above L52 1 , and may also shew indica- 
tions of plate forms along with the aggregates of needles. 

The substance ho modifying maltosazouc* is not the u mil tored mull o- 
dextrin itself, but tho product of tlm action of phony Ihydrnzino ou 
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this. This is proved by the fact that maltosazono can be crystallised 
out of a solution of the dextrmousunformonl able residue entirely mi- 
changed. It is almost certain, therefore, that tbo modifying substance 
is a soluble osazone of these maltodextrin or amyloin substances, ami 
it is quite possible that there may oven be some molecular combina- 
tion of these osazones in “ isomaltosazone.” This is, however, quite 
hypothetical and scarely seems probable looking at all tho results of 
these experiments. Tf this is the fact, it is quite a different matter 
from the assumption that “ isomaltose ” is itself a chemical entity. 
Its behaviour on fermentation, apart from all other considciutions, 
clearly shows that this is not the case. 


Modification of Maltonazonc by the Osazone Derivatives of Malt odtwfrin* 

Pending a more complete examination of the true nature of tho 
unfermentable portion of “ isomaJtose ” fractions, which is almost 
certainly that of a maltodextrin, it seemed desirable to ascertain 
how far maltosazono could be modified by the osazone of the typical 
maltodextrin which we described in 1885 (Trans., 1885, 47, p. 5G2) 
in our paper on the nou-crystallisable products of starch- hydrolysis . 
It will be remembered that this substance was shown to have a 
composition indicating one amylon or maltose group in combina- 
tion with two amylin or dextrin groups, its specific rotatory powor 
being [a]y 8 . 8fi 193’1°, and its reducing power, a 3 . 86 21-1. 0. J. 

Lintner and Schifferer failed to find iu amongst tbo products of 
starch-hydrolysis for reasons which wo shall give in a future 
communication, and they have assumed, without a shadow of prooi, 
that our maltodextrin must ho a mixture of dextrin with their 
“ isomaltose. ,, It will suffice to say at tho present time that this 
view, oven from their standpoint, is an erroneous one, since carefully 
prepared maltodeMriv dots not yield a trace of a crystal! i sable osazone 
with phenylh y dr a zinc. 

If any definite osazone is formed from maltodoxtrin under these 
circumstances it is non-crystalline and very soluble in water. 
The products of the reaction with phonylhydrazine, whatever they 
may be, have howover tho same curious property of modifying 
maltosazone to “ isomaltosazone ” as is possessed by the unfernioutable 
residue of u isoinaltosc ” itself. 

In other words, if a mixture of typical maltodextrin and pure 
maltose is submitted to tho osazone test tho resulting mad osazone 
separates out with the low melting point, and spherical noodle 
aggregates of so-called u isomalt osazone.” 

Three experiments wero made on this point, using mixtures of 
maltodextrin and maltose containing 58, 70, aud 77 per cent, of 
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maltodextrin respectively. lu all these eases, tho osazono was 
typical “ isomaltosazone,” with a constant melting point of 150°. 


Gowtidcutfion of (he (UmUilntion of the so-cntied “ I mm alt osa zones ” 
from the Percentage of Nitrogen which they contain. 

In the following table we liavo brought together all tho cases in 
which we determined (by Dumas’ method) iho nitrogen in the 
osazonos, and have also indicated for purposes of comparison the 
appearance and melting point of tho respective osazonos. 


Nitrogen in ()$a zones. 



Molting 

point. 

Percentage 

of 

nitrogen. 

1?UVC TNftHiOWiWMlC, ftMilld .. 

o 

206 

10 -70 

cjihuiliiloil for OrtpIjjjjN t O,j 


10-77 





Microscopical iippoarnuco of obazone. 

Molting 

poiul. 

Percentage 

of 

nitrogen. 

Fraction J>. 

Typical ** frontal tosa zone . .. 

158 

10-34 

„ in. 

Wdhformod plato aggregates of luaUos- 
azoito 

1 50— 168 

X0*68 

„ 1)2. 

Noodle aggregates of ** frontal! oaiizom* *' 
with it mixture of plato aggregates of 
maltonazoiio. Reverted to “momtiltoH- 
itzono ” form on several roeryHiallfrnlimiH 

m 

10*10 

„ »8. 

Ohiukiiid of Uit) mi mo elm met oi- iut t lint of 
1)2 

152 

10-20 

,, 1)4. 

** Iflomaltowwono n form with some truce* 
of plato aggregate* 

151 

IO*tf 

F'racliona J) 1, 
1)2, 1>», At, 
1)4 mixed. 

Typical M isomaltonazono , 

151 

10*22 

Fraction (Hi. 


152 158 

10 

„ 1M. 

„ (? Homo plato aggro- 

gat OH. 

i 

156 187 

10*6*t 

„ (41. 


151 

10*12 

,, CIS. 


152 

10*60 

„ 08. 


152 

10*75 

JRwidup 04. 

*1 » * • « * « * • « 4 4 4 * * 

158 

0*70 
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Artificial “ foomaltnsasonp* ” made from mix tints of the tin fermentable 
residue of u homaliose ” with vai t/ing pi opart ions of Tun Maltose. 



Molting 

point. 

Percentage 

ol 

nitrogen 

A (50 per cent, unfermentable residue, 50 per cent, pure 

0 


maltose) — 

Typical " isomaltosazone '* 

152—153 

10*22 

B (37 per cent, unfermentable residue, 63 per cent, 
maltose) — 

Crystalline form of “ isomaltosazone ” * 

168 

10*61 

C (30 per cent, unfermentable residue, 70 per cent, 
maltose) — 

Typical “ isomaltosazone ” with mixture of plalo 
aggregates of maltosazone 

■ 

i 

169 

10*81 

D (25 per cent, unfermentable residue, 75 per cent, 
maltose) — 

Mixture of " isomaltosazone ” and maltosazone 
forms 

174—177 

152 

10*82 

10*25 

Mixed fractions C6, C7, D2, D3, D4 before fermenta- 
tion — 

Typical " isomaltosazone ” 

"Isomaltosazone” prepared direct from a si arch -trans- 
formation — 

Typical “ isomaltosazone ” 

152 

9*52 


It is clear from the above results that typical “isomaltosazone,” 
so-called, contains a sensibly smaller percentage ol nitrogen than 
pure maltosazone. This is shown by the analysis of tho osazonefl of 
fractions D, D 2, 1) 3, C (>, Q 1, and also by the “ artificial isomaltoh- 
azono” of Experiment A* Tho average percentage of nitrogen in 
these cases is 10*24#, as compared with 10*77 Cor pure iimMohiusoiio. 

As the substance modifying the maltosazone is more and more 
eliminated by careful fractionation of the original “ isornttltoho/’ and 
the crystalline habit of the resulting 44 iHoraaHosazono ” approaches 
more nearly that of pure maltosazone, the nitrogen percentage risen 
pari passu, even when the melting point has not boon sensibly raised,* 
This is shown in the above tablo in tho case of tho osazonos of Frac- 
tions Dl, D 4, and El; also in tho “ artificial isoinaltosazones ” 
B, 0, and P, where the added malioso exceeds 60 per cent, of tho 
mixture from which the oazones were preparod. 

Where the processes employed have still left a considerable araouut 

* Wo have already called attention to the fact that the melting point oi mallon- 
susone is more readily influenced by the presence of a small quantity ol this foreign 
substance than is tho crystalline habit. 
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of the substance which modi fieri the maltosazone, the nitrogen of 
the osazone may be lower e\on than LO per cent. Tliis is well shown 
in iho ommsouc of traction (14 in the above table. TIuh fraction, 
which was a residual one, had an optieity of [a]^ 170*0°, and 
therefore contained a considerable amount of tho doxtrinous bodies. 
Tho osazone, after repeated crystallisations, had all the usual pro- 
perties of isomalt osazone, and contained only 9*70 per cent, of 
nitrogen. 

In another ease where tho osazone (typical 44 isomaltosazono ”) had 
been prepared directly from a stareh-transfonuation without previous 
fractionation, and, therefore, in the presence of a considerable excess 
of the modifying substances, it contained only 9**52 per coni, of 
nitrogen. 

In conclusion, wo must express our best thanks to Mr. J. H. Millar 
for the careful and able manner in which In* has worked out, under 
our guidance, tho details of this investigation. 

Our thanks are also duo to Dr. W. Russell and Dr. Cliattaway, 
who kindly gave us facilities for performing tho combustions ol 
the osazonos in their laboratory. 

(iencral ( 'omihtsiom. 

L. When tho products of a starch-transformation by dinslaso are 
submitted to any known process of fractionation, the properties of 
each and every fraction strictly conform to the 44 law of definite rela- 
tion ” of optieity and reducing power. 

2. Lintnor’s “ isomaltose ” is not a chemical entity, but can be 
further split up by careful frnct ionat iou with alcohol, and by 
fermentation, in such a manner as to indicate that it is a mixture of 
Mttttmv and doxtrinous compounds of the maltodoxtrin or umylnTn 
elnss. We must, therefore, from now cease to use iho term 
44 isomalioHo” as applied to any of tin' products of tho diiiHiatic 
conversion of starch. 

3. Tho erystallisablo osazone which hint nor has described as 
44 iHomaltoHazone,” and upon which lie has mainly founded his belief 
in the existence of u iHouialtosc,” is nothing but mtUtMttzom* modified 
in its crystalline lmbit and melting {mint by tho presence of small but 
varying quantities of another substance. 

4. The substance or substances which are capable of thus modify- 
ing mu ltoBUftom* are the products of the reaction of phenyihydrazino 
on tin* doxtrinouH compounds mentioned in 2. 

5. This can be shown: (l) amthjlU'My by careful fractionation of 
tho starch-products with alcohol, and also by fermentation ; ami 
(2) vynihvticalhj by tho ^crystallisation of pure malt osazone in tho 
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presence of the non-ciystallisable products of tho action of p hotly I- 
hydrazine on tho malio dextrin. 

6. The only substance amongst the products of starch-irau«forma- 
tion by diastase, which is capable of yielding a crystallisablo osazono, 
is maltose . 

7. The results of this investigation bring out very clearly the 
danger of attempting to identify carbohydrates in mixtures of these 
substances solely by the properties of their osazones, as these pro- 
perties are liable to considerable modification by the presence of other 
compounds of the same class, which may not in themselves be erys- 
tallisable or readily separable from aqueous solutions. 
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LXXVL — Action of Diastase oh Starch . Second 

Notice* 

By Arthur R. Lino and Julian L. Barhr. 

an article published in the Ze it thrift far da s* tjesammto liramin'seib, 
(1895, 18, 70), 0. J. Lintnor refers to a report of our work which 
appeared in the Okmiher Zeihnig. It is needless to enter into all 
the various points touched on by Lintner in this criticism, as ho him- 
self admits that it is impossible to judge how far so brief an abstract 
as that published in the Chew i fee r Zeifung represents our results. 
Suffice it to say, therefore, that Lintner regards our results as con- 
firming rather than refuting the existence of isomaltose. Although 
wo fail to soo how ho could arrive at such a conclusion from the data 
to hand, we believe that if the whole of our experimental evidence 
is taken into account (set* preliminary notice, p. 702), the fact is 
placed beyond doubt that the substance having the properties ascribed 
to it by Lintner, and rogarded by him as isomaltoso is not a homo- 
geneous compound. At the same time we feel that it is only fair 
to admit that Lintner was to some extent justified in his conclusions ; 
thus tlio supposed isonmUose, when submitted to the cryoscopie 
method, gives indications showing that it lias the same molecular 
weight as maltose. When prepared, however, by the agency of the 
diastase of low dried malt it does not, as we have shown, yiold the 
osazone (m. p. 150 — 158°) which, according to Lintnor, is isomaltos- 
azoue, but iho product obtained from it is merely mnltosazone (see 
also later on in this paper). Had Lintner worked with diastase pro* 
pared from low-dried mult lm would not have obtained an osazono of 
definite melting point from the supposed isomaltose. 

Ah regards our suggestion that* isomaltose contains the simplo 
dextrin, OjallaoOio + HjO, we may say that all the experiments which 
wo have made up to the present time and which ant described iu 
this paper, certainly furnish strong support, in favour of Hindi a view. 
The formula, OuU*»,Ow + 11*0, was suggested for the dextrin con- 
stituent. of isonmltoHe, because it was in harmony with the analyses 
and cryoscopie determinations made with the mixture — “ isomaltoso.” 
But. assuming that tins supposed dextrin does contain 1 mol. of water, 
wo cannot at present say how this is combined. It seems not unlikely 
tliat what has boon called by us the simple dextrin, Oi*lI*uOio + HA), 

* An »mm«l of the work published in our preliminary pu]u*rwnM rend at a 
meeting of tli« Olunmcnl Hoeiely held on January 17th, 1HIK5, and a short abstract 
or it was published in the lWeediugH (No. 14(1, li) j ih« paper in full is giveu on 
p. 702 of this vol. 
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is an intermediate compound in the hydrolysis of the doxfcrins 
into maltose, and that it is formed by the addition of a molecule of 
water to a single dextrin group. Such tx view obtains support from 
the fact that by the further action of diastase “ isomaltoso ** is con- 
verted into maltose. 

Before describing our experiments, we wish to give tho following 
description of our modub operands ; — The optical rotatory powers 
recorded in this paper and in our previous communication were 
determined with the aid of the so-called hall shadow quartz-com- 
pensating poiarimeter having a Ventzko scale and omploying 
ordinary white light. The advantages of this instrument, where 
comparative results only are needed, over those employing mono- 
chromatic light are that it permits of easy and rapid manipulation, 
and that dark and opalescent solutions occasionally met with may be 
read with ease. The factor used for the conversion of degrees 
Ventzke into angular degrees (sodium light) was 0*344. (Compare 
Rimbach, Ber., 1895, 27, 2282.) 

The cupric reducing powers were conducted according to Woin’s 
instructions,* and the results calculated as per centage of maltose by 
the tables constructed by the same author, the symbol R being used 
to express the reducing powers in these terms. 

In the preparation of the osazones, the pheuylhydrazine acotate 
(phenylhydrazine base freshly mixed with 50 per cent, acetic acid) 
was heated with the sugar solution for at least two liouis. 

Preparation of Diastase . — The method adopted for the preparation of 
the diastase used in our experiments is very similar to that described 
by Lintner ( J . pr. GJiem ., 1886, [2], 34, 378). Ground malt (200 
grams) is digested with 20 per cent, alcohol (3 parts) for 21 hours. 
To tho clear, brownish filtrate about 1*5 litres of 93 per cent, (by 
volume) alcohol is added, stining meanwhile. After some time the 
alcohol is syphoned from tho precipitate, which iH col lock'd on a 
filter, washod with alcohol of gradually increasing strengths, and 
finally with anhydrous oilier, after which it is kept in a vacuum over 
concentrated sulphuric acid, and subsequently pulverised. Diastase 
so prepared varies in appearance from a white to a slightly brownish 
powder. When triturated with water, tho greater portion passes into 
solution. Samples vary greatly in regard to thoir hydrolytic capacity. 
The weight of diastase, or rather of diastatic substance, obtained 
from malt by the above method, ranges from 1 — 2 per cent, of tho 
malt employed, but occasionally larger yields have been obtained. 

In our preliminary paper we stated that the osazono from the 
u isomaltose, ” prepared by the action of diastase from low-driod 
malt on starch melted between 160° and 170°, but that when it was 

* 33. Wein, “ Quantitative Boatimmung dor Znckerarten.” Stuttgart, 1888, 
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fractionally rocrjstalliscd from Lot filler the main portion melted at 
382 — 185°, anil losemblrd maltosazonc in appearance. Wo may now 
quote an experiment earned out ou a laigor scale with the same 
osazone. Some grams o( the osazoue wore dissolved in boiling water, 
and the solution allowed to cool to 33 ( , at which tomporaturc it wan 
kept lor some time; subsequently the substance which had crystal- 
lised out was collected and examined. The filtrate was allowed to 
cool to the lemperaluie of the room, and the second crop of crystals 
also collected and examined. The portion which separated at 35° 
was then recrystallised in the same manner, and the opeiation 
repeated; the results are given below. 


0> "final Qsivmhv. M. p. LOO — 170 . 


Recrystallised at 35 f , m. p.. . 

ir>7— 170' 

fiorn lilt rale cook'd (o 
tonnwratiirc ol room. 
M.. 1> 

(hmnlfioiont for 

n 

« ii • • 

107-171 

(lie determination). 
145 —148° 

ii 

jj ii • • 

178 -180 

150—152' 

i> 

45 „ . . 

183—185° 

1(50— 1 02 

n 

ii i» • ■ 

181—185' 

1(53—1(55' 

»» 

ii ii • • 

182—183 ’ 

170-173’ 


The osazono, melting at 182 -183", wan subsequently twice rocrys- 
taliinod, hut tlio molting point remained unaltered ; it had the 
appearance of mnltosnzone (sec later). The osazonos moiling at 
145 — 152" were too small in amount for any other determination 
than that of the melting point. A fraction wan obtained, however, 
from another experiment, which crystallised iti aggregates of needles 
and melted at 150 . This was analysed with the following result. 

O'llMM gave 0*3725 rOj and 0*1812 HjO. 0 = 55 15; II slMI. 

(JiiH^OmCNJKMI^tequires 0 — 55 *.*>8 ; II jb 0*15 percent. 

Wo merely quote this analysis as indicating that the osnzone 
obtained from the “ isomaltose M prepared with the diastase from low- 
dried malt 1ms the composition of a hoxabioxazone, and we regard 
the fractions melting at a temperature of 150 -100 r as impure malt- 
canzone, such us is obtained when a mixture of maltose and a dextrin 
is heated with phony Ihydraziue. Hucli an impure osazono may readily 
be purified by reerystallisatiou iroui hot water in t he maimer alu>ve 
indicated. The osazono obtained from the “iHoinalfoso,” prepared 
by the action of the diastase from low-dried malt on starch, consists 
ontiroly of maltosazonc, but the osazono of melting point 150 -153 , 
which Lintner believed to be isomaltosazone, has the composition oj 
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a triosazone and, as stated in our preliminary paper, is never obtained 
from the product of the action of low- dried malt on starch. 

Experiments with Maltosazone. — Maltosazone was first described by 
E. Eisoher ( [Ber., 1884, 17, 583) as crystallising from water in 
delicate yellow needles, and melting at 190 — 191°. Later, the same 
chemist redescribed the osazone as crystallising in yellow needles 
which are not combined in aggregates, and melting at 206° with 
decomposition. In our own experience, when maltosazone is prepared 
from what is now regarded as pure maltose, it usually molts at 
185 — 190°; if this product is rodissolved in a small quantity of 
boiling water, and the latter cooled to about 70°, crystals of melting 
point above 190° are, as a rule, obtained, whilst from the filtrate, 
cooled to the temperature of the room, crystals melting at about 180° 
are deposited. The crystals consist, in all cases, of comparatively 
large, fiat needles, and stellate groups of needles. The two are 
doubtless identical, for we have never succeeded in effecting their 
separation, although we have made repeated efforts, and even the 
highest melting products examined have the same appearance. On 
one or two occasions we have obtained maltosazone melting above 
200 °. 

Maltosazone was prepared in presence of an excess of acid (twice 
the quantity of 50 per cent, acetic acid usually employed). The 
x*ecrystallised product had tho usual appearance, and melted at 
190 — 194°. No glucosazono was obtained in this experiment. 

A portion of maltosazone melting above 190° was dissolved in about 
80 parts of boiling water, and the solution kept boiling for 10 hours 
msing a reflux condenser. The somewhat dark liquid was allowed 
to cool, and the osazone, which separated and had decreased m 
amount, was recrystallisod, when it molted at 165°, tho mother liquor 
being gelatinous. On being again rccryhtallisod, tho osazone molted 
at 185°. This experiment has been repeated and confirmed. 

Preparation of Maltosazone in Presence of a Dextrin.— -Tho following 
experiments were carried out by us in tho latter part of the year 
1893 ; the dextrins used gave no crystalline osazones but only jollies 
when treated per se with phenylhydrazino acetate. 

1. A mixture of maltose (1 gram) and dextrin (0*25 gram) wan 
heated with phenylhydrazino acetate as usual. An osazone was 
obtained, which, when recrystallised, formed clusters of noodles, and 
melted at 185—188°. 

2. A mixture of maltose (1 gram) and dextrin (0*5 gram) gave an 
osazone, crystallising in spherical clusters of needles, and melting at 
180°. 

« 3. A mixture of maltose and dextrin (equal parts) gave an osazone, 
crystallising in spherical aggregates of needles, and melting at 
170—178°. 
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4. A mixture of maltose (1 gram) and dextrin (2 grams) gave an 
osazone, crystallising in spherical aggregates of needles, and melting 
at 106—168". 

8. A mixture of maltoso (0*8 gram) and dextrin (1*3 grams) gave 
an osazono, crystallising in spherical aggregates of needles, and melt- 
ing at 170". 

Tho experiments just described are copied from an old note-book 
just as they were entered. Tho osazouos were all recrystal lisod once, 
but no further purification was attempted. We know, however, by 
our more recent experiments, that when such osazoncs as these are 
submitted to tho process of fractional crystallisation already de- 
scribed, they yield maltosazono of the ordinary form and melting 
point. 

When a mixture of maltoso and glucose is treated with pheuyl- 
hydrazino acetate, the osazouos of both these sugars may bo separated 
in a state of purity. 

Experiment a with the l Hast one from Kiln -dried Malt . — One of the 
first facts noticed by us, in tho course of tho experiments on tho 
action of the diastase prepared from kiln-dried malt, was tho produc- 
tion of a small amount of glucose ; we wore therefore led to try tin* 
action of this diastase on maltose. 

1. Maltoso (1*8 grams), which had boon several times reerystallised 
from 88 per cent, alcohol, and had a reducing power of = 07*8, 
was dissolved in water (20 o.c.) together with 0*1 gram of the 
diastase. Tho solution was kept at (>5 — 70“ for two hours. The 
reducing power was then found to have increased to = 108*3, 
indicating therefore tho present*© of J l*t>(> per cent, of glucose in tho 
dissolved mutter assumed to consist of maltose and glucose. The 
production of glucose* was demonstrated by the formation of glueos- 
azouc. 

2. Maltose (2*8 grams) and diastase (0*2 gram) were dissohed in 
water, tho solution made up to 80 cmj., and healed at 70“ for two 
hours, after which it was allowed to remain for 12 hours at the 
ordiuary temperature. The solution was again made up to the con- 
taining mark at tho normal temperature, and the reducing power 
determined. It gave It » 113*8, indicating tho presence of 22*8 per 
cent, of glucose* in the dissolved matter, tho production of glucose 
was also established by tho formation of giueosazone. 

3. Maltose (2*8 grams) was dissolved in water and 8 e.e. of the 
filtered extract from 80 grams of kiln-dried malt and 125 o.c. of water 
added* The solution was mado up to 50 o.c., and kept at 70“ for 
one hour; after this, it wits allowed lo remain for some hours at the 
temperature of tho room, when its reducing power, corrected for Liu* 
mult extract, some of which was also submitted to tin* same treat- 



744 LING AND BAKER: ACTION OF DIASTASE ON STAROII. 


ment as the maltose solution, was R> = 10;>*(>, indicating the 1 produc- 
tion of 5*88 per oont. of glucose. 

Those experiments prove therefore beyond doubt that glucose is 
produced by the action on maltose of diastase from kiln-dried malt. 
We may add that we have never observed the production of glucoso 
or any other action to occur when maltose is treated with the diastase 
from low-dried malt. 

Action of Diastase from Kiln-dried Malt on Starch . — Wo have shown 
in our previous paper that when starch is hydrolysed under certain 
conditions by means of the diastase from kiln-dried malt, and the 
portion of the product soluble in 90 per cent, alcohol is timtod with, 
phony Ihydrazine acetate, it yields a certain amount of glucosazono. 
A specimen of glucosazono, obtained in this way, was repeatedly 
recrystallised from alcohol, when it molted at 20G° ; it was then sub- 
mitted to analysis with the following result. 

0'1378 gave 0*3034 C0 2 and 0*0820 H s O. 0 = 60*04 ; H = 6*61 per 

cent. 

The formula CcHioO^HoHCt^^ requires 0 = 60'33 ; H = 6*14 per 

cent. 

The main portion of tho osazone formed under the circumstances 
above mentioned was soluble in hot water, and when a large quantity 
of it was recrystallised, the pure product was found to melt at 151°, 
and to have the appearance which, according to Lintner, is charac- 
teristic of t£ isomaltosazone.” It gave, however, on analysis, values 
agreeing with those demanded by theory for a hexatriosazono. In- 
asmuch as apparently no maltosazone was obtained from the product 
of these conversions, wo wore at first inclined io think that no maltose 
was present. Subsequently, however, we have demonstrated tho 
presence of maltoso in a similar product. Mali osazone was thoroforo 
undoubtedly present in tho crude soluble osazone, but tho largo muss 
of this osazone which we doalt with enabled us to get rid of tho malt- 
osazono by recrystallisatiou. 

Having succeeded in obtaining a hoxairiosazone from these pro- 
ducts, we were naturally led to infer that a lioxairioso is one of tho 
products of the action of the diastase of kiln-dried malt on starch. A 
diligent search was therefore made Cor the now sugar, bat although 
we have carefully fractionated and examined numerous similar starch 
conversions, we have not succeeded in isolating from them any crys- 
talline sugar other than maltose. That glucose, which was invariably 
present, was not isolated, is explained by the relatively small amount 
in which it occurred. To give a detailed account of all these experi- 
ments is unnecessary, suffice it to say that we have examined the 
products obtained from several conversions in which quantities of 
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starch amounting io 2000 grams were used, and have obtained 
abundant evidence of 11 k* presence of a substance having optical and 
reducing povveis similar io those ascribed by I unifier to his so-called 
iso maltose. This substance invariably gave a soluble osazone melting 
at a temperature more nearly approaching that observed by Linlner 
for the supposed isomalt os, izono, and, on analysing several of those, 
which were only prepared in small amounts, and could wot therefore 
ho purified by recrystallisation, values wore generally obtained inter- 
mediate between those required for a liexatriosazone and a hexabi- 
osazone. It is very difficult to got rid of the glucose from this 
particular fraction — afc least by 1 vintner’s method of fractionation, 
and its presence, as we shall now show, doubtless accounts for (ho 
lower melting point of the soluble osazone obtained from it, as com- 
pared with that obtained from the similar fraction (free from glucose) 
prepared by the agency of diastase from low-dried malt. 

Taking into consideration the fact that evidence of the production of 
a hexatriosazone was obtained only in those cases in which glucose was 
present, together with our suggestion that so-called isomaltose 
contains the simple dextrin CuTI^Oh, + H 4 0, it occurred to us that 
tho hexatriosazone might ho produced by the condensation of the 
dextrin and glucose in presence of phonyl hydrazine acetate, and this 
appears to bo tho case. At all events, the evidence in support of 
this view is vory stiong, and in the light of our recent experiments 
wo must withdraw our previous suggestion that a hexatrioso is one 
of tho products of the action of diastaso on starch. Wo cannot at 
presont say if tho dextrin and glucoso combine together to form a 
hoxatrioso thus 

CtfliA + OuHaAo = OjalTjjOife 

but experiments arc in progress to ascertain this. 

A mixture of the “isomaltose” (5 grams) prepared by means of 
diastase from low-dried malt, and glucose* (2 grains) was heated with 
phenyl hydrazine acetate in the usual manner. The product was a 
mixture of glueosuzono and a soluble* osazone. The latter, after 
reciystalUsation, melted at 1R0 -HH)% and gave tho following result 
on analysis. 

(VI 508 gave 1JM of moist nitrogen at and 757'4 mm. N ss 078.* 

Tho formula C^H At(NjIIC e Hft)j requires N = 8*21 per cent.; 
whilst Oi a I I»«C >io( jNTJI 1 0«I requires N ss 1070 per coni. 

Tho values therefore indicate that the substance is a niixturo of a 
hexatriosazone and a hoxabiosazono, a result which was to be 
expected seeing that maltose is a constituent of the “isoninltoso.” 
A thorough microscopical examination of this osazone showed that it 

* We arc indebted to Mr. l<\ W, Htrentfeild for this datunnbiAiiim. 
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consisted almost entirely of the spherical aggregates of noodles, but 
the presence of flat, ribbon-liko crystals could bo distinctly made out 
under a higher power. We have frequently observed that when the 
hexatriosazono is associated with raaltosazono a coating of crystals 
adheres to the sides of the vessel in which it has been crystallised, 
and this was so in the case of the oRazono now under discussion. On 
tho Other hand, the pure triosazone can be poured on to a filter from 
the vessel in which it has been crystallised without leaving any of 
the substance adhering to tho sides of the latter. 

Chemical Laboratory, 

London Beef root Sugar Association. 


LXXVII . — Transformation of Ammonium Cyanate into 

Urea . 

By James Walked, D.Sc, Ph.D., and Fked. J. Hambly, F.T.C., 
University College, Dundee. 

Since Wohler’s memorable observation that ammonium cyanate 
spontaneously undergoes transformation into urea, the subject, pro- 
bably from the very magnitude of the result achieved, has been 
entirely neglected. One or two points of interest, however, occur in 
connection with this transformation, and it is the object of the 
present paper to draw attention to thorn. 

Liebig and Wohler (Ann. Phys. Ohem., 1830, 20, 393) note that 
whilst tho change takes place immediately on boiling the aqueous 
cyanate solution, it is gm dual whou I ho solution is loft to evaporate 
in the air, or is evaporated by the aid of a gentle boat. It thus 
Boomed possible that the course of the reaction might be followed nl 
different temperatures, provided that a method could be found for 
estimating in a simplo fashion the amount of ammonium oynnntc or of 
urea in the solution at any specified time. Such a method was 
developed by taking advantage of the circumstance that silver nitride 
has no action on urea, whereas with ammonium cyanate it yields a 
silver salt practically insoluble in cold water. 

Method of Estimation, 

The mode of experiment was as follows. A measured volume of 
the solution to be investigated was introduced into a small flask con- 
taining a known volume of docinormal silver nitrate solution, in 
excess of the quantity necessary to completely precipitate the 
cyanato. Tlie contents of the flask were cooled as rapidly as possible 



OF AMMONIUM CYANATE INTO UREA. 


747 


to the ordinary temperature by moans of a stream of water, and 
allowed to remain for a few minutes. The silver cyanate had then, 
as a rulo, collected to an easily-fil loved precipitate, tho liltrato from 
it being either quite clear or only slightly opalescent. The contents 
of the flask were thrown on n r>-om. filter, tho flask rinsed out twice 
with water, and tho precipitate washed three times on the filter. The 
filtrate was then transferred to a porcelain basin, and the excess of 
silver in it titrated by Volkard’s method with 1/50 K ammonium 
thiocyanate solution. 

The solubility of silver cyanate in water at tho ordinary tempera- 
ture is so slight as to bo within the experimental error of the method. 
It was found that the amount dissolved by 100 parts of water at 10° 
is 0*006 ; that is, 25 c.c. of water dissolve what corresponds to 0*1 c.c. 
of 1/50 K thiocyanate solution. As tho filtered solution, including 
wash water, novel* amounted to more than 50 c.c., tho maximum 
error from this source is 0*2 c.c. of thiocyanate solution ; and this 
amount is never oven approximately vouched, as the solubility of 
silver cyanate is greatly diminished by tlio presence of tho silver 
nitrate in the filtrate. An experiment with eentinormal silver nitrate, 
instead of water, showed tliat the solubility of silver cyanate in this 
solvent is so small as not to be detected in tho titration. 

The error of the method, that is, in tho filtration, washing, auA 
titration, may bo estimated at 0*1 c.c. of tho thiocyanate solution, 
two determinations with tho same sample seldom differing by more 
than that amount. 

llvvvnibttity of the Tran format ion. 

It seems to have hitherto escaped observation, Hint urea, when 
heated at 100° with water, is partially rotransformed into ammonium 
cyanate. It is of course well known that silver eyanafco is formed 
when a solution of urea i ovwovaied down with silver nitrate, bui this 
has been uniformly afl£ibutecf to a specific action of tho silver Hall. 
Urea itself gives no procipitaio with silver nilralo, but if a solution 
of it bo kept at 100° for half an hour, then cooled and a silver salt 
addod, it gives a considerable precipitate, which has tho ehnracte- 
risfcie proper! ics of silver cyanalo. That this precipitate is formed 
by tho doublo decomposition of silver nitrate with ammonium 
cyanate is proved by the fact that the quantity of silver cyanate ob- 
tained keeps equal pace with the amount of ammonia found in the 
solution by Kessler’s process. Thus a deeinorma! solution of tiroa, 
which originally gave no coloration with Kessler’s solution, yielded 
tho following numbers when heated to 100°. After 10 minutes, tho 
amount of urea transformed, as estimated by tho silver nitrate 
method, was 1*2 per cent., us estimated by Kessler’s method 1*3 per 
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cent. After 25 minutes the corresponding numbers were 3’2 per 
cent, and 4 0 per cent, respectively. These numbers agree with each 
other within the experimental error, as the quantities estimated wore 
very small. 

Preparation of Ammonium Cyanate Solutions, 

The method adopted for the preparation of the solutions of ammo- 
nium cyanate was the decomposition of silver cyanato by ammonium 
chloride. The silver cyanate was prepared by heating a seminormal 
solution of silver nitrate with 5 equivalents of urea Cor four hours at 
100°, the silver cyanato produced being filtered off twice or thrice in 
that interval. The silver salt obtained in this way was in the form 
of fine needles, and required no purification. It was drained on a 
filter plato, washed thoroughly with wafer, and dried in an exhausted 
desiccator. The yiold, with the quantities given above, is 88 per cent, 
of the silver nitrate taken, in accordance with the theoretical number 
of 90 per cent., the mode of deducing which will bo given later. 

0-4995 silver cyanate gave 0*3585 Ag. Ag = 71*8. Calculated 
A g = 72*0 per cent. 

The ammonium cyanate solution for each day’s work was propared 
specially, as even at the ordinary temperature the transformation 
into urea is fairly rapid. To obtaiu the solution of the requisite 
strength, a weighed quantity of finely powdered silver cyanato, very 
slightly in excess of that calculated, was washed into a measuring 
flask, into which had been introduced a quantity of ammouium 
chloride, accurately weighed to givo the ammonium cyanate solution 
of the proper strength when the mixture was diluted to the mark. 
Occasionally a measured quantity of ammonium ehlorido solution of 
known concentration was added instead of the woighed solid. After 
the flask had been filled to tho mark with water, the contents were 
kept continually agitated for an hour, as tho action between the prac- 
tically insoluble fiilvcr cyanato and tho ammouium chloride is compara- 
tively sluggish. At the end of that time, however, it maybe assumed 
to be complete, for a part of tho filtored solution when treated with 
nitric acid gives no precipitate, cither with silver nitrate or with 
ammonium chloride. Jfiach filtered solution was tested in this way 
before being used, and rejected if more than a slight opalcsceuco 
appeared with either of the reagents. 

Determination of the Equilibrium Point . 

For the calculation of the velocity constant of the roaciion, it was 
necessary to determine the point at which the transformation ceased. 
This point should be the same, whether approached from tho ammo-* 
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nium cyanate end or from the uvea end, as it is tlio point at which 
the two opposed actions aro balanced, as tnncli ammonium cyanate 
being transformed into urea in a given time as is reproduced from 
the area in the same time. As the rato at which tho ammonium 
cyanate is converted into uica is much greater than tho rate of tlie 
reverse action, it follows that the oud-point must lie near tlie urea 
end. 

Experiments with dceinormal urea at 100° gave tho following 
lcsults. 


t. 

Titro. 

Percentage of urea 
transformed. 

0 

5-00 

0 

14 

4-40 

2-4 

CO 

3-85 

4-6 

120 

3 90 

4-4 

182 

3-90 

4‘4 

0 

5-00 

0 

15 

4-GO 

1-0 

32 

4-10 

30 

55 

3-90 

4-J. 

87 

3-95 

4-2 

107 

3-90 

4-4 


In the first column* the time in minutes from tlio beginning of tho 
heating is given. In the second column* we have tho numbers 
obiainod by adding 8 c.o. of tlio solution to 1 c.e. of decinornml silver 
nitrate, filtering, and titrating with 1/50 NT ammonium thiocyanate 
solution. Pour times 'the difference between these' numbers and 5*0 
gives tho percentage of urea transformed. It is apparent that after 
an hour the end-point is reached, no farther change in tho tit re 
taking place. 

Approaching the end-point from tho other side (dccinormal ammo- 
nium cynuuto) wo obtained the following results. 


(. 

Titro. 

1 Vitim rtiige of evil n ate 
tnuuiforiiuHl. 

0 

0 

0 

n 

IK 9 

75*0 

30 

20-9 

H3-G 

00 

2L-3 

K5'2 

90 

22-3 

M)'2 

120 

23-2 

92’H 


Five C.o of the solution wore added to 5 c.o. of docinormal silver 
nitiaio, and tho filtrate titrated as usual with 1/50 N thiocyanate* 
The quantity of urea transformed in no ease that wo observed 
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exceeded 93 per cent., the maximum, numbers obtained in a consider- 
able number of experiments averaging 91 6 per cent. This number, 
when added to the number obtained from the uroa experiment, 
should give a sum equal to 100, but, as we see, the sum on tho 
average only reaches 96. This deficit, however, is easily accounted 
for. Amm onium cyanate, while passing for the most part into 
urea, undergoes at the same time a subsidiary transformation 
into ammonium carbonate. Now, 1 mol. of ammonium cyanate is 
transformed into 1 mol. of ammonium carbonate, but whilst tho 
former fixes one equivalent of silver nitrate, the latter fixes two ; so 
that more silver nitrate is precipitated than would be the case if no 
such secondary transformation had occurred, and the quantity of 
silver left for titration in the filtrate is in consequence too small. 
The formation of ammonium carbonate can be detected by the solu- 
tion giving a precipitate with calcium nitrate, this precipitate dis- 
solving with effervescence in acetic acid. A quantitative experiment 
gave the following results. 

Forty c.c. of a decinorma! ammonium cyanate sdlution, which had 
undergone transformation at 69°, were precipitated with calcium 
nitrate and a little ammonia. The carbonate obtained was converted 
into calcium sulphate, the weight of which was found to ho 
0*0221 gram. This corresponds to 10 milligrams of ammonium 
cyauate, the total quantity in 40 c.c. of a dccinormal solution being 
0*24 gram. Thns 4 per cent, of the ammonium cyanate had been 
converted into ammonium carbonate, an amount which exactly 
accounts for the deficit above noted. 

It will be seen from the table that the conversion of ammonium 
cyauate into urea at 100° proceeds very rapidly, three-fourths of the 
total amount being transformed in 11 minutes. In every case, a 
brown turbidity was observed in the solution after 30 minutes at 
100°, which was probably due to the reduction of a trace of silver 
compound in the solution. The silver precipitates, also, obtained 
from solutions at this temperature, wore usually brown, marking a 
secondary decomposition of the ammonium cyanate. 

The true end-ppintfor the equilibrium between ammonium cyanate 
and urea must lie very close to that obtained with uroa solutions, for 
there the amount of ammonium cyanate, and consequently the 
amount of secondary decomposition, is throughout at a minimum. 
No appreciable precipitate with calcium nitrate was obtained with 
such solutions, and we may thus assume that the theoretioal end- 
point of the transformation of ammonium cyanate into urea, were there 
no secondary decomposition, would, at 100°, lie at 95 per cent, with a 
possible error of 0*5 per cent. 

It was of both theoretical and practical importance no determine 
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the displacement of tlio end-point by variation of temperature, and 
experiments were made 1 with this object. 

At low temperatures, the transformation of uroa proceeds so slowly 
that the ond-point might only be reached after weeks or even 
months. Solutions were therefore mado up containing both uroa and 
ammonium cyanato in such proportions that tho composition approxi- 
mated to that of the solution in equilibrium at 100°. A deciuormal 
solution with 5 por coni, of cyanato and 95 per cent, of urea did not 
change in titro on remaining for 43 hours at 39°. A similar solution, 
containing 2 por cent, of cyanate and 98 per cent, of urea, showed a 
diminution of 0*25 c.c., or 0*5 por cent, under the same conditions. 
Some of tho urea had therefore been converted into ammonium cya- 
nate, so that we must conclude that temperature influences tho end- 
point but little, since at 100° it stands at 95 por cent., and at 39° 
lies between that figure and 97*5 per cent, at tho utmost, being, in all 
probability, much nearer the former than the latter. 

As the velocity experiments wore all made with ammonium cyanato 
solutions, tho “ practical ” ond-point, as recorded by the maximum 
titro at 100°, was taken instead of the real end-point, which does not 
allow for tho secondary decomposition of tho cyanato. Tims, with 
dccinovmal solutions, tho calculations wore performed with the end- 
point 91*6 por cent,, or 22*9 c.c. of tho titrating solution, except in 
the case of tho experiments at 25° and 39°, where tho secondary 
decomposition, as judged by the amount of precipitate with calcium 
nitrate, was much smaller. For tlieso temperatures, tho end-points 
94 and 92*8 wero takon, but tho value of the velocity constant is 
thereby very little affoctcd. 

Calculation of tho Velocity Constant. 

The docinormal solution of ammonium cyanato was heated to tho 
temperature of observation as soon as possible after its prepare! ion. 
As will bo soon later, its rate of transformation risos very rapidly 
with tho temperature, so that in order to get a zero-time from which 
tho intervals could bo calculated, tho heating had to bo quickly por. 
formed. Tho solution, usually about 70 c.c., was placed in a 4»oz, 
flask and hoatod with the naked tlamo to tho temperature of tho 
thermostat in which it was to be placed. This process occupied little 
more than a minute at most, so that tho error in calculating tho time 
is comparatively small, even at the higher temperatures, and the 
influence of initial disturbances blight. At suitable intervals, 5 c.c. 
of the solution woro removed from tho woll-corked flask, added to 
5 c.c. of docinormal silver solution, cooled, filtered, and titrated* 

Tho following numbers woro obtained at 50*1°, In tho table, i 
indicates the interval in minutes from the time at which tho solution 
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acquired the temperature of observation, x is the titre, and A the end- 
point, expressed in c.c. of the 1/50 N thiocyanate solution. 


Deoinormal Oy anate at 50’ l n . A s= 22 9. 


i. 

or. 

A — x. 

t l ° S A-x- 

/ ' A - i 

45 

4-4 

18-5 

0-00206 

0-00528 

72 

6-5 

16-4 

0-00201 

0-00549 

107 

8-3 

14-6 

0-00183 

0-00529 

157 

10-1 

12-8 

0-00161 

0-00502 

230 

12-3 

10-6 

0-00145 

0-00505 

312 

14 2 

8-7 

0-00134 

0-00524 

600 

17-2 

5-7 

0-00101 

0-00502 


Before Guldberg and Waage had formulated and applied in all 
directions the law of mass action, it had been shown by Wilholmy 
and by H&rcourt and Esson that when one molecule was transformed 
into another or others, the rate at which this transformation occurred 
was expressed by a logarithmic formula, which is deduced from ibo 
general law as follows. Let A be the original active mass of the 
substance undergoing transformation, and let x have been trans- 

dx 

formed at the time £, then the rate of transformation, ^ at that time 
will be 

2 - - *>• 

that is, proportional to the active mass, A — a*, of the substance then 
untransfonned. The constant, C, is the velocity constant of the 
reaction. Bearing in mind that when / as 0, «r « 0, wo obtain, ou 
integration, 

or, if we uso the doeadic instead of the natural logarithms, 

J log i = 0-4343 O. 

Now both magnitudes on the right hand side of the equation are 
constant, therefore if the action is a simple transformation of 1 mol. 

of ammonium cyanate into 1 mol. of urea, the expression J log -« 

should be constant. A glance at the table shows that this expression, 
instead of being constant, sinks steadily to half its original value. It 
is true that instead of the real active mass of the cyanate at the 
beginning of the action, namely, 25 c.c. in our arbitrary units, wo 
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have employed the number 22*9, the practical end-point. Hut it is 
capable of a simple mathematical proof that in a nnimolooulur 
reversible reaction this mode of procedure is permissible, the 
logarithmic expression given above being constant as well as the 
more complicated expression which involves tho real active mass and 
takes account of the opposed reaction, that is, tho simultaneous 
transformation of urea into ammonium cyanate. 

We are thus forced to concludo that the production of uroa from 
ammonium cyanate does not proceed in so simple a way as we might 
be disposed to imagine. 

Let us now proceed on the assumption that the interaction of two 
molecules is necessary for the production of urea. If, as before, we 
represent the active mass of each kind of molecule (supposed to bo 
present in equivalent quantities) by A, and tho quantity transformed 
at the time t by r, we have, for tho rate of transformation, 

jj = 0(A - a-) (A - *■), 

this rate being proportional to the active mass of each kind of 
molecule. Tho expression obtained on integration is * ss AC t, 

uL — • «t* 

or 1 • x =; AO. a constant quantity. 
t A — # 

Neglecting, as in the previous case, the slow rovorso action by 
taking tho value of tho practical end-point as tho original active 

X x 

mass, we find that the expression g • ~ is now indeed constant. 

Reference to tho table will show that the constancy is not absolute, 
but, from beginning to end, tho constant fluctuates about tho mean 
value, exhibiting no steady increase or decrease like the logarithmic 
expression. Tho maximum variation from tho mean is only 0 per 
cent.., and this will bo doomed satisfactory when wo consider that 
ono-tenth of a degree difference in temperature causes a variation of 
1*5 per cont. Hero, then, is distinct ovxdonco that for tho produc- 
tion of urea tho in tome lion of two molecules is necessary, and that 
those must always bo present in iho ammonium cyanate solution in 
equivalent proportions. Tho first assumption to make is that iho 
two moloculoa aro two molecules of ammonium cyanato, but it will l>e 
proved in the sequel that this assumption is erroneous. In tho 
meantime, wo proeood to give the rosults of experiments performed 
at different temperatures in order to ascertain lie tempomluro- 

1 ,r 

coefficient of tho expression ^ ^ . 
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Temperature Experiments. 

The thermostat employed was a water-bath with windmill and 
stirrer as described by Ostwald, Physico-chemical Measurement#, 
p. 64, and a vapour-pressure thermo-regulator (Benoit’s modification 
of Andreae’s, Zoo. cit., p. 59). The liquids used for filling tho various 
regulators were ether, acetone, methylic alcohol, and ethylic alcohol. 

The results obtained are exhibited in the following tables, tho 
symbols being as before. 


Decinormal Oyanaie at 25*0°. -I = 23 5. 


t. 

X. 

A — x. 

1 ^ 
f ' A— x" 

1325 

5-6 

17-9 

0-000236 

1970 

7-0 

16-5 

0-000214 

2725 

9-0 

14-5 

0-000228 

5640 

13*3 

10-2 

0-000231 


Mean = 0*000227 


Decinormal Cyanate at 39*0°. A = 23*2. 


1 x 


i. 

X. 

A — x. 

f ' A — x 

228 

6-1 

17*1 

0-00156 

373 

8-2 

15-0 

0-00147 

591 

9-9 

13-3 

0-00126 

1266 

14-6 

8-6 

0-00134 

1577 

16-1 

7*1 

0-00143 



Moan 

= 0-00141 

Decinormal Oyanate at 59*7°. A 

= 22 0. 

t. 

X* 

A — x. 

1 c 

i’A — ’i' 

15 

4-3 

18-6 

0*0154 

30 

6*7 

16*2 

0-0138 

50 

9-5 

13 4 

0-0142 

80 

12-1 

108 

0*0140 

140 

15-4 

7-5 

0-0147 


Mean = 0*0144 
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Decinormal Oyanatc at 64*5°. A = 22 9. 

1 x 


t. 

.r. 

■“ iCa 

t ' A - x 

20 

7-0 

15-9 

0-0220 

37 

103 

12-C 

0-0221 

50 

121 

10 8 

0-0224 

65 

13-8 

91 

0-0233 

95 

16-0 

0-9 

0-0244 

150 

17-7 

5-2 

0-0227 


Mean = 0 0228 


Decinormal Oyanatc at G9*2°. A ss 22*9. 


1 a* 


f. 

.r. 

A — a\ 

t ' A — x* 

10 

C-7 

16-2 

0-041 

15 

8-7 

14-2 

0-041 

20 

9-9 

13-0 

0-038 

30 

12-2 

10-7 

0-038 

45 

15-0 

7-9 

0-042 


Mean sss 0*040 


Decinormal Gyanate at 74*7°. A = 22*9. 


1 *r 


la 

x. 

A — x. 

t A — x 

15-5 

11*3 

11-6 

0063 

37-0 

15-7 

7-2 

0*059 

60-0 

17-9 

5-0 

0-000 

124-0 

20-4 

2-5 

0-000 



Mean 

as 0-062 

Decinormal Gyanate at 75*0°. A s & 22*9. 




3 x 

i. 

x. 

A — X. 

{’jT-s 

12 

9-7 

18-2 

o-oci 

27 

14-7 

8-2 

0-000 

45 

17-0 

5-9 

0*004 

65 

18-3 

4 0 

0-00 1 


Moan » 0*00.1 
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Deri normal Cyanate at 80*0°. A 5=5 22 9. 

1 a 


t. 

X . 

A — r. 

t A — x 

14 

13-3 

9-6 

0 099 

26 

163 

6-6 

0*095 

44 

18-5 

4*4 

0*096 

64 

20-1 

2*8 

0*112 



Mean 

= 0*100 

Eecinormal Cyanate at 80 1°. A \ 

= 229. 




X x 

t. 

X. 

A-x. 

t At x 

7 

9-0 

13*9 

0*093 

17 

146 

8*3 

0*103 

37 

17-9 

5*0 

0*097 

57 

19-5 

3*4 

0101 

97 

20-9 

2*0 

0*108 



Mean 

r= 0*100 


These numbers will suffice to show that the expression j * JjfZT % 

remains substantially constant at each of the temperatures studied. 
The determinations at the higher temperatures are difficult on account 
of the rapidity of the transformation. In the case of the two highest, 
duplicate experiments are given, which show that although the 
individual values vary considerably, the moan is sensibly iho same. 

The temperature, as is usual in such cases, has an enormous 
influence on tho rate of the action. Whilst at 80° half of the 
ammonium cyanate has been transformed in 10 or 12 minutes, at 2f>° 
three days are required to produce tho same ofEeot. 

Van’t Hoff (Etudes, p, 114) and Arrhonius (Zelt phydhul. Ohm., 
4, 22*7) have shown that the formula 

Gi = CoC^r-Tol/ToTx 

is capable of representing the influence of temperature on a velocity 
constant with great accuracy, and have endeavoured to assign its 
theoretical significance. In the expression, O 0 is the velocity constant 
at the temperature k, Ci the constant at t x \ e is tho baso of the 
natural logarithms, T 0 and T x are the temp matures t 0 and t t when 
measured in the absolute scale ; A, finally, is a numerical constant. 
Using this formula, and taking the lowest temperature as l Q , we obtain 
the following table. 
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to — 

25", Co = 0-000227, A 

= 11700. 

t. 

O (obs.)- 

O (rale.). 

25 0 

0-000227 

(0-000227) 

39-0 

0-00141 

0-00133 

50-1 

0-00520 

0-00480 

597 

0-0144 

0-0137 

64-5 

0-0228 

0-0227 

69-2 

0-040 

0-0305 

74-7 

0-002 

0-0623 

30-0 

0-100 

0-105 


In view of tlio fact that in the range examined, the constant in- 
creases more than four hundred fold, the accordance between the 
calculated and observed numbers may be looked upon as satisfactory. 


Influence of Dilution . 

In unimolccular reactions, the concentration of the substance 
which is being transformed has no effect on the course of the action. 
If at? a certain temperaturo and a certain concentration half of the 
substance has undergone transformation in a certain time, the same 
time will bo occupiod in producing the half-transformation whether 
wo diluto the original solution, or whether wo eoncentmto it. The 
velocity constant is hero independent of the degree of dilution. This 
is easily comprehensible from the mechanical point of view, for oacli 
molecule is transformed independently of all the rest, so that it is a 
matter of indifforonco whother the individual molecules of the sub- 
stance arc closely packed together, or not. The caso is different in a 
bimolecular reaction. Hero two molocuios must meet before transfor- 
mation can take place, and their chances of mooting are reduced as we 
dilute ilio solution, so that tho proportion transformed in a given 
time will be loss tho move dilute tho solution booomos. The effect on 


tho expression 
grated equation 


1 a* 

'i ’ A- *' 


will bo seen on reference to the inle- 


/ A 


= AO. 


If wo reduce tho value of A to ono-half by halving tho concentration, 
the right-hand side of tho equation is halved, for (1 is a constant in- 
dependent of the dilution, being in fact tho rale at which the action 
progresses when tho reacting substances are present (and main- 
tained) at unit concentration. The left-hand side of tho equation 
must also tlieroloro be halved, so that by taking twentieth-normal 

ammonium cyanah*, tlu» expression . . Hliould bo reduced to out-- 

t A mm JC 
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half its value for a decinormal solution. It will he observed that in 
calculating this expression, any unit may bo used for A and .«*, since 
we are only concerned with the ratio *r/(-l — ,r). 


0’05-womaZ Cyamte at 49*8°. A = 22*9. 

1 x 


t. 

X. 

A — X. 

f ’ A — .c" 

120 

6-0 

16-9 

0-00282 

180 

7-8 

15-1 

0-00287 

240 

9-5 

13-4 

0-00295 

400 

12-4 

10-5 

0-00295 

533 

13-9 

9-0 

0-00288 



Mean = 

= 0-00289 

The value of the constant at 50*1° for the decinormal solution is 

0-00520. If -we 

eg 

0 
© 

1 

we obtain 0*00578, which is greater 

than the theoretical value, and 

is further augmented by applying 

the correction for the difference in temperature. 


0*2 -normal Cyanate at 60' 1°. A = 

II 




1 X 

t. 

X, 

A - uv 

t A — x " 

10-0 

4-65 

17-85 

0-0260 

25-0 

8-6 

13-9 

0-0247 

40-3 

11-3 

11-2 

0-0252 

60-0 

13-8 

8-7 

0-0264 

127-0 

17-2 

5-3 

0-0256 



Moan 

= 0-0255 

The end-point 22*5 was determined by a special experiment. 

0*0 ^normal Oymat 

■e at 60*l u . A i 

=s 22-9. 

t. 


A — x. 

1 X 

t -1—0?* 

28 

4*4 

18-5 

0*0085 

50 

6-8 

161 

0*0085 

76 

9-0 

13-9 

0*0085 

120 

10-8 

12-1 

0*0074 

200 

14-2 

8-7 

0*0082 



Mean : 

= 0-0082 

We have thus the series 




0-05 

0-1 

0-2-normal. 

Const. 0*0082 

0-0144 

0-0255 
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Here the fifth-normal solution which should bavo a constant four 
times as groat as tho twentioth-normaJ solution has in fact a con- 
stant only little more than throe times as great. The transformation, 
then, although it preserves tho characteristic constant of a bi- 
molecular reaction at various dilutions, is influenced in somo 
secondary way by tho dilution, the tendency being to give too great 
a constant as the dilution is increased. An explanation of this 
secondary action will be given in tho next section. 

Influence of Neutral Salts. 

We have now to consider the reason why tho transformati on of 
ammonium cyanate into urea is a bimolocular reaction, and not a uni- 
molecular reaction as might a priori be expected. The two reacting 
substances must bo present in the ammonium cyanate solution in 

1 x 

equivalent proportions, otherwise the expression - . , would not 

t A — a? 

remain constant. The iissumptions which might account for this 
are, 1st, that two molecules of ammonium cyanate meet lo form 
uroa ; 2nd, that tho ammonium cyanate is dissociated by tho water 
wholly or largely into ammonia and cyanic acid, and ttrd, that tin* 
ammonium cyanate is oloctrolytically dissociated into ammonium 
ions and cyanic ions. A moans of acertaining which of those assump- 
tions is correct is to bo found in tho influence exorcised by various 
substances on the constant. A porfoctly indifferent salt has in 
general little influence ; it may slightly alter tho numerical value of 
the constant but no more. Tho following experiment was made with 
potassium sulphate added in equivalent proportion to the solution of 
ammonium cyanate. 

Dec! normal Ammonium (UjanaLe in Presence of Jh ci normal Pota^hnn 
Sulphate at 74*7°. -1 = 22*0 by experiment, 

1 a- 


t. 


.i - r. 

/ * T-x 

9 

7-4 

I H> 

0-05(5 

23 

12-7 

9-3 

o*or>9 

47 

10-0 

6*0 

0*087 

70 

17*3 

4-7 

0*083 

103 

18-7 

3-3 

0*088 


Moan » 0'056 

The effect of tho potassium sulphate is to reduce tho constant from 
<M)fi2 to 0 05(>. This might well bo in accordance with any of the 
above assumptions, tho influence being comparatively slight. On 
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tho third assumption, a slight diminution of the constant might he? 
prodictod, for the number of active molecules, that is Nil* and ONO, 
is diminished by the addition of another salt. If, instead of potas- 
sium sulphate, we add an equivalent of ammonium sulphato the effect 
is wholly different. The action is greatly accelerated and tin? 

1 «B 

expression T . - is no longer constant, increasing rapidly, 

b A — x 4 

especially towards the end of the reaction. 

Decinormal Ammonium Cyanate in Presence of JDecwormal Ammonium 
Sulphate at 74*7°. A = 24*7 by experiment. 

1 x 


/. 

X. 

A — x. 

t ' A—x 

8 

10-8 

139 

0-097 

20 

17-5 

7-2 

0-122 

40 

21-9 

2-8 

0-195 


Here in 10 minutes the transformation has proceeded half way. 
In presence of potassium sulphato nearly 20 minutes elapse before 
the solution has reached the same condition. It will be seen too 
that the end-point practically corresponds to complete transforma- 
tion into urea. This is a natural result of the great acceleration 
of the forward action towards the cn<l, the reverse transformation 

remaining constant. The lowost value of i . - tV is SO per cent 

< 4 -/ 

greater than the value 0*062 for ammonium cyanate alone, and the 
highest one 200 per cent. The acceleration is, therefore, of quite a 
different order from the influence oxer fed by potassium sulphate. 

The only reasonable explanation of this acceleration is that the 
quantity of one or more of the active substances present lias been 
largely incroasod by the addition of ammonium sulphate. On the 
first assumption that the active substances are ammonium cyanate 
molecules, this iucrease is impossible, so this assumption may bo 
dropped. Unless wo assume that ammonium sulphato is to a great 
extent dissociated into ammonia and sulphuric acid when dissolved 
in water, an assumption which few will grant, tho second supposi- 
tion must also bo set aside: independent ovidoneo of its inade- 
quacy will be given later. .There remains then tho third assumption 
that the reacting molecules are ammonium ions, NH*, and cyanic 
ions, ONTO, produced by the electrolytic dissociation of the ammonium 
cyanate. On the dissociation hypothesis, ammonium sulphate is also 
decomposed electrolytically when dissolved in water, the ions being 
3f EU and SO*, On adding ammonium sulphato to tho solution, thon, 
we increase the active mass of one of the reacting substances’ 
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namely the ammonium ion, and consequently the action proceeds 
faster, especially towards the end, for then the added ammonium ions 
bear a greater proportion to the total than they do at the beginning. 
The experimental result is thus in harmony with the theory of 
electrolytic dissociation. 

An increase in the quantity of the other reacting substance, the 
cyanic ion, ought also to have an accelerating effect on tho action. 
According to the dissociation theory, potassium eyanato like other 
potassium salts of monobasic acids, is almost completely dissociated 
into its ions K and CNO in dilute aqueous solution, so the addition 
of potassium eyanato should hasten the action considerably. This 
we find to bo the case. 


Decinormal Ammonium Gy anal e in Presence of Decinormal Potassium 

Oyanate at 74*7°. 


/. 

,r. 

10 

13-2 

20 

1(5-8 

35 

20-2 

50 

21-2 

70 

21*8 


Tlio accelerating effect is of tho same order an in tho caso of the 
addition of ammonium sulphate. Unfortunately a direct comparison 
and calculation of the “constant,” is impossible, owing to tho com- 
paratively groat decomposition of eyanato into carbonate which takes 
place simultaneously with the transformation into urea. After the 
solution had been lioutod for an hour, it gave a dense precipitate wiih 
calcium nitrate. 

As tho action at 75° proceeded too rapidly in presence of accelerat- 
ing agents for accurate calculations, some ox|HJriments wore per- 
formed at r>()° in order to obtain more trustworthy data. 

When the reacting substances arc not present in Uio solution in 

. I 

equivalent proportion, iho expression * . ‘ no longer remains 

t a! *0 

c'otihianl and another mast ho subsUhiiod for it. Lot tho origin il 
concentration of tin* one substance bo A, anti of tho other It, thou tlio 
rnto at nny time is expressed by tho equation 

% = <J(A - »)(lf - .r), 
which, on integration, becomes 

All tlio magnitude* on the right hand wide of the equation aro 
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constant, so that the left hand side must also be constant. On adding 
ammonium sulphate in equivalent proportion to a solution of 
ammonium cyanate, wo do not double the number of ammonium ions 
in the solution, for the sulphate, according to the electrical conduc- 
tivity, is less dissociated than the cyanate, and each diminishes the 
dissociation of the other from the value it would havo were it 
dissolved separately in the same volume of water as is used to dissolve 
both. Using the conductivity numbers of Kohlrauseh and others, wo 
find that the ammonium ions in the mixed solution should be to those 
in the pure cyanate solution in the ratio of 5 : 3 approximately, the 
number of cyanic ions being very slightly diminished. Taking A for 
the cyanic ions equal to its former value, wo have approximately JD for 
the ammonium ions equal to 1*61 A . Substituting this value for B 
in the above equation and re-arranging, we obtain 

I log — -1^1 - 0-61 x 0-4343 0, 

t A — x 

0 having the same numerical value as it had when the ammonium 
cyanate was alone in the solution. 

Decino'i'mal Ammonium Cyanate in presence of Decinonnal Ammonium 

Sulphate at 49*8°. 


t. 

X. 

A - x. 

A - 0*62 x. 

r 5 

33 

6-4 

19-3 

21-3 

0-00129 

62 

8-0 

16-7 

19-8 

0-00119 

99 

10-6 

141 

18-1 

0-00110 

162 

14-2 

10-5 

16-0 

0-00117 

226 

16-6 

8-1 

14-4 

0-00110 


Mean = 0*00117 

The value of A = 24*7 was obtained by direct experiment. It will 
be seen that the constant is fairly good, and from it wo can calculate 
C by means of the equation 

0*00117 « 0*61 x 0*4343 a 

This gives us O = 0*00443, and when we allow Cor 0*3° difference in 
temperature at 15 per cent, per degree, we obtain 0*00463, which is a 
fair approximation to the value of C = 0*0052 in the pure cyanate 
solution at 50*1°. 

An experiment was made with a solution decinormal with respect 
to ammonium cyanate, and 1/20 1ST. with respect to the ammonium 
sulphate. Here the amount of ammonium ions is not increased by 
one-half, but only by a quarter, as a consideration of tho conduc- 
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tivities will show, the chief diminution boing dno to tho effect of the 
cyanate on the loss dissociated sulpliato. We have therefore 7? = 
1*25 A, and the formula becomes 

I log ±Lzi!^f = 0-25 x 0-4343 0. 

t urJ. — *1? 

For A we have tho value 24*4 determined by an end-point experi- 
ment. 

Dec manual Ammonium Oyanale in presence of 0 05 -normal Ammonium 

Sulphate at 49*9\ 


t. 

X. 

A — F. 

X 

A -OSx. i 

log--- 

43 

5-2 

L9-2 

20 2 

0-00031 

71 

7-8 

1(> 6 

18-2 

0*00050 

113 

99 

14-5 

10-5 

0-00050 

170 

12- V 

12 0 

14-5 

0-00048 

233 

14”t> 

9-8 

12-7 

0-00048 

395 

18-1 

c-o 

9-7 

0-00053 




Moan = 0*00051 


From tho mean 0*00051 wo obtain O by the equation 
0*00051 = 0 -4843 x 0*25 O. 

This gives ns O as 0*0047, from which, if we add 3 per cent, as 
tho temperature correction, we get tho value O = 0*00484 for the 
constant at 50*1°, in close approximation to the observed value, 
0*0052. 

Considering tho slight uncertainty that attaches to tho calculation 
of tho exact degree of dissociation from the conductivities as 
tabulated in Ostwald’s hchrbHeh, vol. II, pi. 1 , the constancy of these 
numbers and the values thoyigivc for <* must be hold as strong 
evidence in favour of tho application of tho dissociation theory (.0 Uie 
matter in hand. 

In tho last section, it was found that the influence of 'dilution on 
the speed of tho action was disturbed by some secondary action, 
which, at low concentrations, f oudod to give a greater constant than 
theory predicted. If wo take tho degree of dissociation at tho 
various dilutions into account, however, tho discrepancy disappears. 
At low concentrations, tho degree of dissociation, as Tndientod by the 
conductivities, is greater than at higher concentrations, so that in 
tho more dilute solutions there aro relatively more of tho active ions 
than in tho more concentrated solutions. At tho dilution i M\, tho 

1 *t* * 

value of ‘g . £ ^ wus found to lw 0-0255 5 at tho dilution a \ NT., it 
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was 0*0082. If there wore four tunes as many ions ai iho dilution 
l NT. as at 2 \i N., the value for the former should be 0*0328 instead of 
0*0255 ; but the conductivities show that there are only 3*3 times as 
many ions, so we obtain 0*0082 X 3*3 = 0*0270, not far removed 
from the observed value, 0*0255. 

To apply a final test to the validity of the theory of electrolytic 
dissociation in this connection, an experiment was made with 
ammonium cyanate in presence of ammonia. If the dissocial ion 
caused by the water is a dissociation into ammonia and cyanic acid, and 
into ammonia and sulphuric acid, wo should have ammonia solution 
producing at least the same effect as an equivalent solution of 
ammonium sulphate. On the othor hand, if wo consider the conduc- 
tivities of ammonia solutions, the dissoeiation theory prodicts that 
ammonia should behave towards ammonium cyanate as an indifferent 
substance like potassium sulphate. The conductivities obtained by 
Bredig (Zeit, physikal . Ohem ., 1894, 13, 294) show that in decinormal 
solution, ammonia is dissociated only to the extent of 1*5 x>or cent, 
into its ions. This amount of dissociation is diminished to the vanish- 
ing point in presence of the highly dissociated ammonium cyanate, 
so that as the ammonia contributes uo ammonium ions to the solu- 
tion, it will behave as an indifferent substance. The following are 
the results obtained. 

JDecincynnail Ammonium Oyanate in Presence of Decinormal Ammonia 


t. 

at 49-4°. 

X. 

A = 22-9. 

— .r. 

1 r 

n 

5-0 

17-3 

OOOUHf 

110 

7-4 

15*5 

0-00434 

155 

9-2 

13-7 

0-00133 

215 

11-2 

11-7 

0-00445 


Moan 53 0*00442 

In performing this experiment, the silver nitrate into which the 
measured quantity of solution was poured, was mixed with a quantity 
of nitric acid exactly sufficient to neutralise the free ammonia, in 
order that the solubility of the silver cyanato might not bo increased. 
1 as 

The expression ~ ^ £ remains constant, as if no active substance 

had been added, and its value, 0*0049, when corrected for tempora- 
ture, is very near the value 0*0052, obtained with ammonium cyanato 
alone at 50*1°. Ammonia then behaves towards ammonium cyanato 
iu precisely tho same way as potassium sulphate does, in harmony 
with the requirements of the dissociation theory. 
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We find, then, that tho consistent application of tho theory* of 
electrolytic dissociation accounts for the himoleenlar nature of tho 
transformation of ammonium cyanate into urea, tho quantitative 
influence on it of dilution, and of the presence of potassium sulphate, 
potassium cyanate, ammonium sulphate, and ammonia. On no other 
theory, as it appears to us, can even a qualitative explanation of our 
results be given. 


Interaction of Urea and Silver Nitrate . 

As we have already stated, tho silver cyanate used in those experi- 
ments was prepared by heating semi-normal silver nit i ate solution at 
100° with live equivalents of urea. Tho yield of silver cyanate was 
in no case groator than 88 per cent, of that Ihooretiraliy possible, 
continued heating causing no further precipitation beyond this 
quantity. Tho silver cyanate is, of course, produced by tho inter- 
action of the silver nitrate and tho ammonium cyanate formed from 
the urea. As the ammonium cyanato is removed from the solution 
as fast as it is formed, it might, at lirst sight, bo expected that, since 
a groat excess of urea is prosen t, tho action would go on until pmc- 
ticaliy all tho silver is precipitated, unless tho silver cyanate wore 
comparatively soluble in water at 100°. Tho solubility, howovor, is 
not groat, 100 c.o. of a saturated aquoous solution of silver cyanato at 
100° containing only 0*12 gram of tho salt, that is, the solution is 
0*008 normal. In the actual solution this solubility is much 
diminished by the presence of undocomposed silver nitrate, yet it is 
the minuto quantity of silver cyanate dissolved which determines 
the stoppage of tho action at a point so much short of the possible 
yield. 

The point of equilibrium may bo easily calculated on tho dissocia- 
tion theory us follows. We found that at 100°, ft per cent, of a 
docinonnal solution of uvea was transformed iuto ammonium cyanato. 
Assuming, for simplicity's sake, that tho ammonium cyanate is 
entirely dissociated, which is very nearly tho caws wo have tho 
following equation to express the equilibrium between the urea and 
the cyanato. 

0*005 x 0*005 a K x 0*095. 

Tho magnitudes on tho left-hand side arc the active massos of the 
ammonium and cyanic ions in terms of a normal solution; on the 
right-hand sido K is tho ratio of tho velocity constants (which 
remains unaltered so long as tho temperature is tho same) ami 0*01)5 
is tho active mass of tho uron. Krom this equation wo obtain 

K « 0*00026:1, 

s v a 
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which determines the equilibrium between the urea and the 
ammonium and cyanic ions. 

Now, when silver nitrate is added, tlio cyanic ions can only come 
from the unprccipitated silver cyanato, so that their number is deter- 
mined by tho solubility’ of the silver cyanato. According to tlio 
theory developed by Nernst, and experimentally veriiicd by him and 
by Noyes, the solution equilibrium is of snob a kind that tho con- 
centration of the unclisbo dated silver cyanate in solution remains 
constant. But for tho equilibrium between dissociated and undisso- 
ciaied silver cyanate we have the equation 

Act. mass Ag X act. mass CNO = K' X act. mass AgCNO. 

As A' is a constant, and the active mass, that is, tho concentration, 
of the undissociated silver cyanate remain s constant, tho right-liand 
side of the equation is constant, and is very nearly equal to 0*000064 ; 
for the concentration of the saturated solution of silver cyanato at 
100° is 0*008, and this may be taken as tho active mass of each ion, 
the cyanate being almost entirely dissociated, so that the left-hand 
side is 0 008 x 0*008 == 0*00006 1 We are now in possession of the 
two constants which enable us to calculate tho equilibrium. The 
solubility of the silver cyanate determines the number of cyanic ions, 
which again determines the number of ammonium ions required to 
produce equilibrium with the urea. Bat tho number of ammonium 
ions corresponds to the number of silver ions which have disappeared, 
and this number influences the solubility of the silver cyanate. Tho 
problem is, therefore, to And the concentration of cyanic ions which 
will be in equilibrium on the one hand with tho un dissociated 
(and solid) silver cyanate, and on tlio other with tho urea. Lot tho 
concentration of the ammonium nitrate in solution at Ihe equilibrium 
bo A?-normal, thou tho concentration of tlio silver nitrato will bo 
0*5 — as, and of tho urea 2*5 — * x . Tho concentration of tho cyanic 
ions is determined by tho last equation to bo 0*000064 divided by 
the couoentration of tho silver ions. This concentration may bo 
taken as equal to 0*5 — «r, as tho silver nitrate is nearly all disso- 
ciated, and the quantity coming from tho silvor cyanato in solution 
is very small. We are justified in making those assumptions, which 
simplify the treatment groatly, by tho results of Noyes (ZriL yhydhth 
Oliem., 1890, 6, 2&6), who investigated tho parallel case of tho 
solubility of silvor bromate iu presence of silvor nitrate. Tho 
detailed treatment of tho question is given by him at tho place cited. 
The concentration of the cyanic ions is therefore 0*000004/(0'5 — x), 
Jfor the equilibrium between ammonium cyanato and nrea wo have, 
then, 

Ammonium x cyanic ion = K X urea 
as{ 0*000064/(0*5 - as)} = 0*000263 (2*5 - as). 
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Solving this equation, we find «r = 0*45 to be tho concentration of 
the ammonium nitrate in solution at the equilibrium point. This is 
equivalent to tho quantity of silver cyanato formed, so that wo have 
0*45/0*5 = 90 per cent, of tbo silver nitrato transformed, tho yield 
actually obtained being 88 per cent. 

As it might be thought that the agreement bebweon the calculated 
and the observed numbers is here duo to a chance coincidence from 
balancing of errors, another experiment was made in which tho urea 
was taken in quantity equivalent to the silver nitrato. It had there- 
fore the concentration 0*5. For this we have tho equation of 
equilibrium 

a* [0*000064/ (0*5 - sc)} = 0‘0002(>3 (0*5 - x), 
tho only difference being the substitution of 0*5 for 2*5 in tlio second 
member of tbo last equation. Here wo find a* = 0*25. That is, when 
the silver nitrate and urea are both semi-normal in tho solution, 50 
per cent, of tho silver nitrate should bo trans formed into silver cyanate. 
Tho actual experiment was conducted aH follows. Silver nitrato (17 
grams) and urea (6 grams) were dissolved separately in hot water, 
filtered, mixed, heated, and stirred to collect a slight brown precipi- 
tate, which was filtered off. The clear solution was made ui> to 
200 c.c, and heated at L00° for four hours with a reflux condenser. 
After cooling, the silver cyanato was collected, drained, washed, dried, 
and weighed. The weight obtained was 7*27 grams or 4H*33 por cent, 
of the possible quantity, tho predicted yiold being 7*5 grams or 50 
per cent. The agreement is excellent when tho loss in weight by 
washing is considered. Tho amount transformed, as estimated by 
titration of an aliquot portion of tho filtrate, was 50*3 por cent. Wo 
further precipitate was obtained by continued boating of tho solution. 

We thus see that tho theory of electrolytic dissociation not only 
euabloH us to understand tho simple equilibrium botwoou urea and 
ammonium cyanato, but also to account for and predict tho phenomena 
when this equilibrium is complicated by tho presence of a sail which 
roaots with one of these substances. 

Ural of Tntmfomatitm, 

Wo havo soon that the influence of temperature on tho equilibrium 
point botwoou urea and ammonium cyanato is vory slight, and this 
corresponds to a small boat of transformation. Tho formula for 
calculating tho thermal effect cannot be applied in strictness, as tho 
data for the ond-points at different temperatures aro not sufficiently 
definite, so that wo cannot oven say with certainty whether tho 
transformation in dilute solution is accompanied by evolution or 
absorption of boat ; most probably there is a slight heat evolution 
on tho conversion of tho cyanato into uroa. 
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LXXVI1I . — Ethereal Salts of Ethaiu‘t<‘trncnrbo,rylic 

add. 

By Jam.es Walkkk, Ph.D., D.Se., and .1. It. Amman, University 
College, Dundee. 


When tho alkaline salt of a monobasic fatty acid is subjoctod to 
electrolysis, the anion, on losing its charge at the positive electiode, 
decomposes chiefly in two ways, with production of a saturated and 
of an unsaturated hydrocarbon. Potassium propionate, for oxample, 
yields butane and ethylene according to the equations 

I. 2CH 3 -CH a -COO ~ CH^CH^Ca-OIIo + 200*. 

II. 2CH 3 -CH a -COO = CH 3 'CH 2 -COOH + CH a :CH a + CO*. 

Crum-Brown and Walker have shown (Annalen, 1891, 261, 107) that 
the potassium ethylic salts of saturated dibasic acids behave similarly, 
with production of a saturated diethylic salt and of an unsaturated 
monethylic salt. Thus ethylic potassium succinate, on electrolysis, 
produces diethylic adipate, in accordance with the equation 

I. 2EtOOC-CH a -CH 3 'COO- = EtOOC-CH^CHa-CH^CH^COOEt 

+ COj. 

The equation for the formation of the unsaturated product is 

II. 2EtOOC-CH 2 -CH a -COO- » ElOOC-CH 3 *CH 2 -COOH + 

Etooc-CH:cn a + co a . 


The unsaturated ethylic salt would thus he ethylic aciylaio. This 
product was not actually isolated, but the corresponding ethylic 
methacrylate was obtained in considerable quantity on electrolysis of 
ethylic potassium dimothylmalonate. 

If the anion of dipotassium succinate decomposed similarly to 
that of potassium acetate on being discharged at the anode, I ho 
products of electrolysis there found would bo toimmothyleuo and 
acetylene, formed in accordance with tho equations 


CHVCOO _ 9: 
CH 2 -COO- ~ 0: 


II. 2 


ByCOO- 

HyCOO- 

IHyCOO- 


5S222 + S + 


In the case of such a dibasic anion, however, there is a third 
possibility, for, after the loss of carbonic anhydride, tho residual 
bivalent radicle is capable of independent existence, and thus from 
dipotassium succinate we may obtain ethylene. 


T CHa-OOO- OH, 

Ifll OHyCOO* = ts, + 200 ‘- 
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The production of tetramctliylenc on the electrolysis of a succinate 
has so far never been observed. Bourgoin states (Bull. Soc. Ghhn>, 
1874, 21, 1695) that when perfectly neutral sodium succinate solu- 
tion is electrolysed, the gasos evolved at the positive electrode are 
oxygen, carbon monoxide, and carbonic anhydride. Kekule found, 
however, that, in presence of a little free alkali, ethylene and 
acetylene are formed in addition to these products of oxidation, so 
that two of the three normal decomposition products of the anion 
have been obtained. The quantity of acetylene produced is incon- 
siderable. 

Since the etliylic potassium salts of dibasic acids behave similarly 
to the potassium salts of monobasic acids, it might reasonably be 
expected that thodiothylic dipotassium salt of a totrabasic acid would 
behave in an analogous manner to the dipotassium salt of a dibasic 
acid, and, on electrolysis, yield, along with oxidation products, the 
diotliylic salts of an acid with one ethylene linking and of an acid with 
one acetylene linking. Wo have endeavoured to ascertain practically 
if this is the case, the acid chosen for experiment being othanotetra- 
ctirboxylic acid. Guthzoit has shown. (Annalen, 1882, 214, 72) that 
the tetrothylic salt of this acid on half saponification yiolds a diothylio 
dipotassium salt having tho following constitution, 

COOK-OH(OOOBt)-01T(OOOBt)-COOK. 

On oloctrolysis, tho anion should decompose as follows. 

OOOCH-COOEt _ OH-COOm 
-OOC-OlI-COOlfit 5=3 CH'COOEfc + *** 2 * 

1T 0 -ooo*on*coom _ uooc-OH*coom n-ooom 

~ OOO'OH-OOOHt ~ HOOO*uH*OOOMt + CKIOOKL + 

Tho unsaturated etliylic salt of tho first equation has tlio formula 
of diothylio maloato or diothylio fnniaraie, that of tho second equa- 
tion is diothylio cthinodicarbox ylato, 

Tlio uncertainty as to whotlu»r fumario acid or maleic acid should 
bo derived from diothylio dipotassium ethanokdracarboxylato arises 
from this salt having in its molecule two similar asymmetrical 
carbon atoms, as a glance at the formula shows. The salt therefore 
ought to exist in an optically inactive, a racemic, and two optically 
active modifications. Supposing tho saponification to take place in 
such a way that the two optically active modifications wore produced 
in equal propoHions, tho proximate constituents of tho mixture of 
isomciidos would bo an inactive racemic salt, and a salt with a really 
inactive molecule. 

From the optically active salts, that ih the racemic salt, diothylio 
fumarato would bo derived on olocirolysis $ from the optically 
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inactive salt, diethylic maleate. A consideration of the formula 1 will 
make this clear, tn the totrahedra, tko blank summits towards Hie 
reader arc originally occupied by the group ‘COOK, which becomes 
•OOO* in the charged anion, and is blank in the anion after the loss 
of carbonic anhydride. The unsaturated substance is formed by the 
two blank summits meeting. 




Inactive. 



Diethylic maleate. 


From the electrolysis of diethylic dipotassium etlianctetracarls- 
oxylate as prepared by direct saponification, we might thou expect the 
diethylic salts of both fumaiie and maleic acids. 

An attempt was made to separate the diethylic dihydrogen salt 
prepared from the dipotassium salt into its inactive constituents b} 
fractional crystallisation. This method sncceeds oasily in the case of 
symmetrical dialkylsuocinic acids, but hero wo were unable to obtain 
any result. The compound does not crystallise well, nor does it. melt 
sharply. Gnthzeit states that it molts at 132 — 135° with decompo- 
sition; we did not obtain any specimens molting above 128—1211’. 
Various metallic salts were prepared, but in no case could wo 
separate them by crystallisation into two constituents. 

Themethylic salts were then substituted for the et hylic salts in 
the hope that they would crystallise bettor. 


Teiramethylic Bthanetetracarboffylato. 

The tetrethylic salt is usually prepared by the action of iodine* 
dissolved in ether on diethylic sodiomalonatc. Wo find that bromine 
may be used with advantage instead of iodine in the preparation of 
this salt and also of the tetramethylic salt. 

Sodium (23 grams) is dissolved in 300 c.c. of mol hylic alcohol, and 
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to tho solution of sodium motlioxide thus obtained dimethylio 
malouato (132 grams) its gradually added. The bromine (about 
80 grams) may be added from a tap funnel, either as such or it may 
be mixed with moihylic alcohol. Each drop as it falls is immediately 
decolorised, and the addition is continued until tlio solution is 
neutral, tho point being also indicated by the persistence of iho colour 
of the bromine. Tho alcohol is now distilled off on the water bath, 
and water added to tho residue on cooling; the sodium bromide 
dissolves and an oily layer separates, ‘which soon solidifies. This 
solid is removed and drained, first with the filter-pump and then on a 
porous tile. One recrystallisation from benzene affords the compound 
in a state of purity. The yield is 100 grams. 

0‘209G gave 0*3o07 C0 2 and 0 1030 11,0. C = 45*G t ; H = 5-4JS. 

CioITuOh requires C = 45'80 ; H = 5*34 per cent. 

Tho teiramcihylic salt melts at 1 35 * and is freely soluble in tin* 
ordinary organic solvents with the exception of ether and ct hylic and 
motliylic alcohol, in which it iH only moderately soluble. It is pine* 
tically insoluble iu water ami in cold light petroleum. 

Ltikydrogwi Dimethylie JiliJianrtehacai boxylalt** 

Tetramothylio ethanaiotracarboxylato (30 grams) was dissolved in 
2 litres of methylic alcohol, and to it a solution of caustic potash in 
methylic alcohol was added sufficient for half saponification ; the mix- 
ture was then allowed to remain over night in tho cold. Nothing 
separated, but on distilling off tho alcohol, a copious white precipitate 
was obtained after a certain concentration had boon reached. The 
liquid was then cooled, and tho precipitate collected and drained; a 
potassium estimation showed iliac it was almost pui*o dipot ussi uni 
dim ethyl ir othanototrncarboxylnto. A further quantity of loss pure 
potassium salt was obtained by evaporating tho filtrato to dryness. 
The dipotassium salt is deliqucHcont, and voty easily soluble itt water. 
Its solution gives dense white precipitates with solutions of silver 
nitrate, load nitrate, and mercuric chloride. With ferric chloride, it 
gives a reddish-brown precipitate, but with the other metallic salts 
practically no precipitates are obtained, unless the solutions am very 
coneoniiatcd. Tho silver salt is very sensitive to light, 

Tho dihydrogoa salt was prepared by acidifying the dipolasttiuut 
salt with hydrochloric acid, aucl extracting the solution with ether. 
Tho behaviour of the compound obtained was very similar to that of 
tho diliydrogon diothylic salt. It dissolved readily in organic 
solvents, with the exception of tho aromatic hydrocarbons, and 
showed liitlo tendency to crystallise well. The melting point was 
ill-defined. It scorned impossible, therefore, to separate tho two 
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stereomeiic modifications directly by crystallisation, so tlio various 
soluble salts were studied with a view to finding ono whieli would 
alTord definite crystals. Tho salts which yicldod tho best resit Hh 
were the ammonium salt and tho zinc salt. Tho zinc salt, being tho 
les£ soluble, was prepared in some quantity by boiling tho hydrogen 
salt with excess of freshly precipitated zinc hydroxide. After 
filtering, the solution was evaporated on the water bath, during 
which operation a small quantity of an oil was observed to separate. 
When the concentration had proceeded to some extent, crystals woro 
observed to form, and tho solution was then cooled and allowed to 
evaporate further at the ordinary temperature. Two apparently 
different kinds of crystals separated, one in the form of hexagonal 
plates, the other in needles. These were removed from the mother 
liquor, and an attempt made to reciystalliso them. Addition of 
water, however, precipitated a white flocculent substanco, in all pro- 
bability a basic zinc salt. Repeated attempts to separate tho two 
kinds of crystals met with no succoss. Tho ammonium salt was 
found to be too soluble to allow of fractional crystallisation. 

The dihydrogen salt prepared from the purified zinc salt melted 
and decomposed at 158 — 160°, but did not crystallise well. 

00795 required 6*83 c.c. decinormal soda solution for neutralisa- 
tion. Replaceable hydrogen = 0*859 per cent. 

Calculated for H 2 C b ff 8 0 8 = 0*855 per cent. 

Electrolysis of JDipotas.sium Dimethyl ic Salt 

The dipotassium dimethylic salt was dissolved in somewhat less 
fhan its own weight of water, the solution being then extracted with 
ether, and filtered to remove a slight residue. The electrolysis was 
conducted as described by Walker and Henderson (Ibis vol. p. 338). 
As the electrolysis progressed, tho solution became dark coloured, 
and for a long time no othoroal substance was observed f o separate. 
*Finally, however, when tho solution had become very concentrated 
by evaporation and electrolytic decomposition of the water, a small 
ijuantity of an oily substance separated along with crystals of potas- 
sium hydrogen carbonato ; when no further increase in tho quantity 
of the latter could bo observed, the cmront was stoppod, and 
the contents of the crucibles diluted. The oily drops partially 
solidified to a dark brown crystalline mass, which was freed from 
the small quantity of oil that adherod to it hy spreading tho crystals 
on a porous tile ; it was then recryslallised thrice from alcohol, Tho 
^colourless crystals thus obtained molted at 10tS°, and gave tho 
followdng numbers on analysis. 

0*1561 gave 0*2867 CO* and 0*0786 H a O. C = 50*09 ; H ss 5-59. 

CeHsOi requires C = 50*00 ; II = 5*56 pot* cent. 
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The substance bad thus the composition and melting point of 
dimothylie fumarate. Jt did not react with bromine in chloroform 
sohxtion at the ordinary temperature, but when boated with it for 
30 minuics at 100° in a sealed tube, it was converted into a di bromide. 
The crystalline product obtained on ovaporating the chloroform and 
excess of bromine, separated from hot light petroleum iu the form of 
poaily scales, which meltod at 57°. Anschutz gives tho meltmg 
poiut of the dimotbylio salt of symmetrical dibiomosuccinic acid as 
61-5—62°. 

As the corresponding mothylic salts of maleic acid and isodibromo- 
succiuic acid are liquid, there can be no doubt that the substances 
we obtained were fnmaric acid derivatives. Tlio ethereal product of 
electrolysis is obtained in so small amount that we wore unable to 
identify the oily substance which was originally mixed with tho 
dimethylic iumarate. It may have been dimetliylic maleato or 
dime! hylic eihinedicar boxy late ; in any case, however, it formed but 
a very small proportion of the whole ethereal product. 

We thus see that tho electrolysis of dipotassium dimotbylio ethane- 
totracarboxylaio yields at least one of tho products which the analogy 
with succinic acid would suggest, 

From tho spent soluiion, a large quantity of the dihydrogen salt 
was recovored on acidification and extraction with other. Tho 
moiling point remained unchanged, namely, 158 — 160°. 

Metliylic Ti ieihjlic JUthaneteiracarhoseylale . 

On oao occasion, in tho preparation of the toiramothylic salt, 
ethylic alcohol was by an ovoj-sight used as solvent instead of 
metliylic alcohol, Tho synthesis, however, was continued, in order 
to ascertain to what oxtont the ethylic group would toplace tho 
metliylic group. Ab Purdio has shown (/for., 1887, 20, 1555), 
one alkyl is very easily substituted for another in presence' of sodium 
alkyloxido, that is, under the conditions which obtain in a malonio 
other synthesis. The product of tho synthesis was worked tip ns 
described under tho totramothylic salt, which it rcsomblod closely in 
external nppoaranco. On rocrystallisation, however, from light 
petroleum, the lino, needle-shaped crystals wore found to molt at 58 \ 
the melting point of tho totrcthylio salt being 76°. Tho following 
results wero obtained on analysis. 

0-UC8 gavo 0*2762 00* and 0-0011 11,0. 0 a 51*31 ; H a 6-88. 
0*1632 „ 0-3072 00* and 0*0082 H,0. O a 51*33; 11 a 0*08. 

Calculated for CuH^O* : 0 a 51*31 ; H =ss 0*58 por cent. 

The substance has thus tho composition of tho triothylio mono* 
mothylic salt. That it is not a mixture was proved by the melting 
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point remaining at 58° after nine successive reevystallisufions. The 
action of ethylic alcohol and sodium othoxido under the conditions 
employed was therefore to replace three methyl groups by ethyl 
groups, the fourth methyl group remaining unattached. 

LvnietJiylifi JDiethylic Ethaneteiraccu Inwylah*. 

Another instance of the replacement of one alkyl group by another 
was observed in an attempt to prepare the ethylic trimothylio salt 
from the potassic trimothylio salt and ethylic bromide. The two 
reacting substances wore heated together at 100°, with a little ethylic 
alcohol, in a soda-water bottle. Potassium bromide separated, and 
from the solution an oil was obtained, which distillod at 200—208* 
under 18 mm. pressure. The substance was somewhat viscid, and* 
did not solidify in a freezing mixture, 

0*1864 gave 0*3386 CO* and 0*1078 H*0, C = 49*54; H = 6*42. 
0*1810 „ 0*3280 CO* and 0*1030 H*0, C =* 49*44 ; H = 6*32. 

Calculated for CxaHiaO* : C =s 49*G5 ; H = 6*21 per cent. 

It is therefore one of the dietbylio dimethylic salts, and one 
methyl group in the potassium trimethylic salt has been replaced by 
an ethyl group from the excess of ethylic bromide employed, or from 
the ethylic alcohol. 


LXXIX . — New Formation of Olycollic Aldehyde. 

By Henry J. Horstman Fenton, M.A. 

Exnrimcnt^ hearing on the constitution of the acid, 0 1 FI A O 0 , 211^0 
described in a former paper (Trans., 1894, 65, 899), arc still iu pi*o- 
gross, and arc now nearly completed. The study of one of tin* trans- 
formations of this acid has given results which may ho of mou* 
general interest, so that I havo considered it advisable to publish a 
separate account of this portion of tlio work. 

The acid is sparingly soluble in cold water, but dissolves easily in 
warm water. The aqueous solution is, however, very unstable, 
carbon dioxide being evolved slowly at ordinary temperatures, and 
very rapidly if the solution is heated to 50—60° ; at this temperature 
the decomposition is complete in a few minutes, and the liquid no 
longer gives the characteristic reactions of the original acid, but 1ms 
the properties of an aldehyde. Fehling’s solution is reduced in tlio 
cold, ammoniacal silver nitrate gives a 64 mirror” in the cold, a 
rosaniline salt decolorised by sulphur dioxide has its colour im- 
mediately restored, and when heated with caustic alkalis a deop 
yellow coloration is produced. When warmed with excess ot 
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phonylhydrazino acetate, the solation soon becomes cloudy and, after 
a time, deposits a bulky precipitate consisting of yellowish-brown 

1 oallots. 

On heating tlic aqueous solution, some of the aldehytlic substance 
passes off with tbo stoam, the distillate giving a silver mirror in the 
cold. If allowod to evaporate in a vacuum over sulphuric acid, the 
solution leaves a very viscid syrup which will not crystallise even 
if kept several weeks; it dissolves easily in water and in alcohol, 
but is nearly insoluble in ether. No crystalline compound could bo 
obtained from it by the action of excess of saturated solution of sodium 
hydrogen sulphite. 

The aqueous solution has an acid taste and reaction with indicators, 
but the neutralising power is quite insignificant as compared with 
the reducing power, as shown by the following experiments. 

3*4153 grams of the original crystallised acid was boated with water 
until carbon dioxide ceased to bo evolved; tho solution was cooled 
and made up to 250 c.c. 

25 c.c. of this solution required 0*2 c.c. of standard soda solution, 
containing 0*0125 gram NaOH, per c.c. for neutralisation, 
phenol plitbaloin being used as indicator. 

20 c.o. of Foliling’s solution containing 0*00881 gram Cu per c.c. 
required (1) 20 c.c., and (2) 20*8 c.c. of tho above solution for 
complete reduction. 

Or, ono molecule of tho original acid, CJhO^lTaO, after decom- 
position, neutralised about 1/30 mol. of NaOH, but reduced nearly 

2 atoms of eoppor from tho cupric to tho cuprous state. 

Estimation of the Carbon Dioxidr euoZivd.— 0T51(> gram of tho origi- 
nal crystallised acid was weighed iuto a small distilling Hash. Tho 
latter was thou nearly lillod with water, tho nook soalod and tho tube 
eoimoeiod with a Imago’s nitrometer charged with mercury. The Husk 
was heated in awator-hath until ovolntion of carbon dioxide had 
•ceased, and tho liquid was them boiled so as to traufor nil tho gaHOH 
to tho nitrometer. Tho carbon dioxide was afterwards estimated by 
absorption with caustic potash. 37*1 c .c. of carbon dioxide was 
obtained at 12° and 752 mm. = 35*00 c.o. corr. If l mol. of tho 
4 icitl loses 2 mols. of carbon dioxide the volume should bo 36*7 c.c. 

Tho properties of tho aldehydio substance correspond dowdy to 
those of tjhjcollic aldehytle, CIl a (OH)*COH, as described by Fischer 
and Lnndsioinor (Bcr. f 1 802, 25, 2549), and tho formation of this 
aldehyde in the above decomposition could bo readily understood if 
tho change takes place according to the equation 

0 4 HA « C«il 4 0» + 2(30*. 

(Jlycollie aldehyde, or dioso, vrm obtained in solution by Fischer 



776 FENTON: NEW FORMATION OF GLYOOLIdO ALDEHYDE. 

and Landstciner by tho intex*aciion of broiualdobyde, CILBrOOlF, and 
baryta-water at 0°. Marokwald and Ellinger also describe its forma- 
tion from glycol-acetal, OH s (OH)*OH(00 (J TTa) a , and dilute acids (Hrr , 
1892, 25, 2984). In this manner a strong solution was obtained. 

Tho nature of the substance in solution was proved by Fischer 
and Landsteiner in tho following way. 1st. By tho action of excess 
of phenylhydrazine acetate, the phcuyJ-osazono of glyoxal 

OH*N 2 H(C b H 6 ) 

OH-N 3 H(C 6 H 6 ), 

was obtained. 2nd. Oxidation with bromine gave glycollic acid. 
About 2 grams of calcium glycollate were obtained from 11 grams of 
the bromaldehyde. Those methods of proof were adopted in tlio 
present case with the following results. 

1. About 2 grams of the original acid, CaHiOe^HiO, were heated 
with water on a water-bath until no more gas was ovolvod. The 
solution was cooled, then mixed with about 4 grams of phenyl- 
hydrazine dissolved in acetic acid, and the mixture kept at 40° in a 
regulated air-bath for about 24 hours. The abundant yellowish- 
brown crystalline precipitate produced was filtered ofE, drained by the 
aid of a pump, washed with small quantities of cold alcohol, and 
recrystallised from alcohol; thus obtained, the substance had the 
appearance of small rosettes of minute brownish-yellow plates or 
needles. The melting point of tho specimen was 1G9*5°. 

These properties exactly coincide with those of glyoxal phonyl- 
esazone (Pickel, Annalen , 1886, 232, 231). 

0 1596 gave 33*3 c.c. nitrogen at 20° and 742 mm. N = 23 66. 

01C73 gave 0*4311 00 2 and 0 0879 H,0. 0 ~ 70*27 ; II = 5*83. 

CwfluN* requires 0 = 70*58 ; H = 5*88 ; ?T = 23*53 per cent. 

2. About 15 grams of tho original acid wore boated with water as 
before, mixed, aftoi* cooling, with tho calculated quantity of bromine, 
about 13 grams, tho mixturo well shaken, and allowed to stand at the 
ordinary temperature for two days. It was then heated ou a water* 
bath until the slight excess of bromine was expelled, cooled, neutra- 
lised with load carbonate, filfcerod, and tho lead removed from tho 
filtrate by hydrogen sulphide. Tho excess of hydrogen sulphide was 
removed by heating on a water-bath, the liquid was coolod, and moist 
silver oxide added to remove hydrogen bromide ; tho silver was thou 
removed from the filtrate by hydrogon sulphide and tho excess of tho 
latter removed as before. The solution was now well shaken with 
pure chalk heated on a water bath, and tho filtered liquid con- 
centrated by evaporation ; the crude calcium salt which separated, 
when dried in the air, weighed about 6 grams. 
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By recrystallising fiom hot water, this salt was obtained in 
characteristic stellar groups of noodles. It was dried at 120' and 
analysed. 


0*2385 gave 0*1700 gram OaSO*. Ca = 20*06. 

Calcium glycollate (CbHsO^Ca requires Ca = 21*05 per coni. 

From the above results, it may be concluded that the original acid, 
CiliiOc, when heated with wator, splits up almost quantitatively into 
glycollic aldehyde (1 mol.) and carbon dioxide (2 mols.). This 
reaction affords a very simple method fox* the preparation of glycollic 
aldehyde. 

The wator seems to bo essential in bringing about this change, 
since tlie anhydrous acid may be heated even at 100° (in an inert 
atmosphere), or its solution in absolute alcohol may bo boiled, at any 
i*ate for a considerable time, without any decomposition taking place ; 
again, the anhydrous acid may be boiled with benzene without 
change, but on the addition of a few drops of water to the hot 
mixture, an immediate evolution ol carbon dioxide oeeurs. 

The nature of this eliango may easily be conjectured, whichever of 
the two possible formula) for the original acid bo adopted. 


COOH 

OH’OH 

«*•> 6o 

6ook 


OOOH 

fl-OH 

W M C-OII 
OOOH 


In the first case, the loss of 2 00,4 from tlie carboxyl groups wouldi 
leave glycollic aldehyde as a residue 


pOO|H 

? JHJir *no-9iw>u 

V" - - 00, “iuo 
uoopl 


1 


this holm \ioui* being analogous to that of ueetonediearboxj lie acid, 
which under similar conditions loses 2< 1 <)., leaving acetone. 

In the secoucl case, it may be supposes! that a molecule of water is 
first added 


OOOIT 

(K)Il 

60011 


+ 1IOII = 


OOOII 

pn-on 

QCoii), 

coon 


in id that this uiihiublo Iriliytlroxyhnocinic neiil Iohcs 200,, nt. Ix'fotv, 
leaving glycollic aldehyde Uydmic, wIl ^‘ 1110,1 K‘ v «< llltt 
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aldehyde and water. The latter view is, in my opinion, by far the 
more probable because, as just stated, water is necessary to the de- 
composition, and also for other reasons which favour the second 
formula rather than the first. These reasons T hope shortly to 
communicate. 

The residue obtained when the aqueous solution of the aldehyde is 
evaporated in a vacuum was next studied; 3*1233 grams of the 
original crystallised acid were decomposed, as before, by beating with 
water, precautions being taken to prevent loss by spurting, the solution 
allowed to evaporate in a vacuum desiccator over sulphuric acid, and 
the resulting thick syrupy residue weighed, and kopt in the vacuum 
desiccabor until the weight was constant. The residue then weighed 
1-1210 grams. If the decomposition takes place quantitatively, 
according to the equation given above, tbo weight should bo 1*0184 
grams. 

Combustion of this residue gave C = 37*33. H = 0*00 per cent. 

Grlycollic aldehyde requires C = 40 00. H =s 6*06 per cent. 

From these results, and from the slight acidity mentioned above, 
it is evident that a small quantity of some oxidation product is 
present. 

If the decomposition of the original acid be effected in an atmo- 
sphere of hydrogen the quantity of this oxidation product is dimin- 
ished. Thus, a sample of tbo residue obtained when this precaution 
was taken gave on analysis C = 38*53 : H = 6*34. 

After several trials, it 1ms been found possible to remove this oxi- 
dation product altogether. The solution obtained aftor decomposition 
of the original acid by heating with water, is cooled and shaken for 
about 15 or 20 miuutos with excess of puro precipitated chalk ; it is 
then filtered, and the filtrate allowed to evaporate in a vacuum over 
sulphuric acid. The resulting thick syrup is digested with cold 
absolute alcohol, which readily <3 lssoIvoh the aldehyde but leaves a 
small quantity of a residue consisting of a calcium suit;# the alcoholic 
solution of the aldehyde is then allowed to ovaporuio, as before, in a 
vacuum desiccator. The residue is an almost colourless, very viscid, 
syrup, having a slightly sweet taste; when dissolved in water, it 
exhibits all the characters mentioned above. Traces of alcohol art* 
still retained in this product, as shown by tho taste, and by the 

* The calcium sail, after being thoroughly washed with alcohol io remove the 
aldehyde, dissolves in water, and the solution gives a silver mirror on warming with 
ammoniacal silver nitrate. If the solution be treated with aniliuo oxalate and 
filtered from calcium oxalate, the filtrate, on standing for some tune, gives a bright 
orange precipitate. From these observations, it may be conclu led that tho oxida- 
tion product above mentioned is probably glyoxyHo acid , 
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somowhat high numbors obtained on analysis. Aftor about 24 hours’ 
exposure in a vacuum dosiccator tho numbers woro 0 = 42-40 ; H = 
7*30, but aftor abont six days’ exposux-o, with occasional stirring, the 
result was C = 40*81 ; II = 7*01. 

Tn order to remove those tames of alcohol, the product was washed 
seveml times with anhydrous ether. Tn this case traces of ether are 
retained in a similar manner, even aftor long exposure in a vacuum 
dosiccator ; but by heating under greatly diminished pressure (about 
50 — 20 mm.) on a water bath, the ether may be completely expelled. 
Thus, a specimen treated in this way gave, after about two hours’ 
heating, the following numbers. 

0*1511 gave 0*2249 CO* and 0*0899 H 2 0. C = 40*59 ; H = 6*60. 

The same specimen heated fui*ther for about an hour. 

0*1225 gave 0*1802 CO* and 0 0710 H*0. C = 4011 ; H as 0*43. 

Gly collie aldehyde, as above stated, requires C = 40*00; H = 
G*()G per coni. 

The substance, however, when heated in this way undergoes a 
marked change in properties. The nearly colourless syrup is trans- 
formed into a transparent, pale yellow, solid gum. This gum is now 
noarly insoluble in absolute alcohol ; it dissolves easily, however, in 
water, giving a solution which has a decidedly sweet taste. The 
aqueous solution reduces Fohliug’s solution in the cold, and gives a 
silver mirror in the cold, just as did the original aldehyde, and it 
gives a deop yellow coloration when heated with caustic alkalis ; but 
it only very slowly and imperfectly restores the colour to a rowmiliue 
salt decolorised by sulphur dioxide, whereas tho original aldehyde 
produced an immediate effect with this reagent. Heated to 40 n with 
excess of phenyl hydrazine acetate, a lemon-yellow, floceulont proei pi- 
ta f o is produced, which darkens on heating to a higher temperature 
on a water bath. This precipitate dissolves with some difficulty in 
hot water, and separates, on cooling, in lemon-yellow flocks; in hot 
benzene or chloroform, it is more readily soluble. Examined under 
the microscope it is soon to consist of miuuto needles. The product 
was purified (a) by twice recrystal lising from hot water and then 
from benzene, and (5) by rocry stall is ing throe times from benzene; 
both specimens melted at the same temperature, namely, 1(52 — 1(53°. 
The properties of this substance are very similar to those of tho 
osazono which Fisher and Landstoinor obtained from tot rose, and 
which is identical with phenyl cry throsazono. Tlieso authors showed, 
that a solution of glycollic aldehyde mixed with weak soda solution, 
and kopt at 0°, was changed into tetrose, tho latter being identified 
by formation of its osazono. It scorned probable, therefore, that this 
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same condensation might have taken place in tho present case, and 
that the sweet, gummy substance mentioned above might ho f druse ; 
the melting point of the osazone is, however, too low, phenylerythr- 
osazone melting at 1G6 — 168°. In order to decide this question, the 
molecular weight of the gummy product was determined by ItuouJt’s 
method. Water was found to be the most convenient solvent, and 
gave very concordant results, but with acetic acid tho results woro 
not satisfactory owing to the extreme slowness with which tho 
substance dissolved. 

The following were the results obtained. 


Freezing point. 


I • • • • 
II.... 
III.... 


Grams of 
substance. 
0*2622 
0*1897 
0*3447 


Grams of 
•water. 

17*72 

15*14 

15*14 


Solvent. 

1*847 

3*260 

3*260 


Solution, 

1*692 

3*126 

3*025 


Mol. \vt. 
181 
177 
184 


Those point conclusively to the formula C 6 H 12 0 6 (molecular weight 
= 180). The gummy product obtained by polymerisation of glycollic 
aldehyde, in the manner described above, appears therofore to be 
some form of hexose . 

I hope soon to make further observations on the properties of this 
substance and of glycollic aldehyde. 


University Chemical Laboratory , 
Cambridge . 


LXXX . — Some Deri natives of ITimul cue . 

By AiiKRHJ) 0. Chapman, VJ.CL 

In a former communication to the Society on the essential oil of 
hops (Trans., 1895, 67, 54), 1 described tho preparation from tho oil, 
by fractional distillation, of a now sosquiterpewo for which tho 
name humulene was suggested. In the paper referred to, tho chief 
physical constants of this hydrocarbon wore given and a crystalline 
nitrosochloride melting at 164— 165° was dosoribed, as also a well- 
crystalline nitrol-piperide (m. p., 153°), obtained by acting on the 
nitrosochloride with an excess of pipoiidono. Since the publication 
of this paper, I have made a further study of lmmulene, and have 
succeeded in preparing from it tho following compounds. 

Hydrochloride of Humulene Nitrol~pipmd<>. 

On passing dry hydrogen chloride into a solution of tho nitrol- 
piperide in ether, a dense, white, curdy precipitate immediately falls ; 
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this was collected and rcerysfcrtlliHed oifcher from boiling water or 
from alcohol. .From the former solvent, it crystallises in hard 
nodular masses. 

0*245 gave 0*0985 AgCl. 01 = 9*95. 

OisHjwNO'N'OsHxojH'Oi requires 01 = 10*01 per cent. 

The platinochloride of this salt was prepared by mixing alcoholic 
solutions of platinic chloride and of the salt. It crystallises from 
alcohol in reddish needles which melt at 187 — 189°, at the same 
time undergoing considerable decomposition. 

0*3297 gave 0*062 Pt. Pfe = 18*80. 

(C 13 H 24 ]SrO-NC 5 Hio)„H 2 PtCl b requires Pt = 18*79 per cent. 

Jlmuilme Nitrolbenzylamiae. 

On heating humulcno nitrosoclilondo with an excess of benzyl- 
amine almost to the boiling point of the Latter, a very vigorous action 
occurred, the mixture becoming almost solid. On adding sufficient 
alcobol to dissolve the whole of tho products, then a little wator, and 
allowing the solution to stand, the nitrolbonzylamino crystallised out 
in considerable quantity. It was purified by recrystallisation from 
boiling alcohol, from which it separates in bunches of very small 
needles, radiating from a centre, it melts at 136°, 

0*200 gave 14*0 c.c. moist nitrogen at 7° and 757 mm. N as 8*35. 

Ci 6 H^O*NH* CH- 2 * C 6 Hfi requires N = 8*2*1 per cent. 

On dissolving this compound in dry ether and passing hydrogen 
chloride into tho solution, a white granular precipitate of tho hydro- 
chloride formed; this is more soluble in ether than tho corre- 
sponding nitrolpiporido compound. Jt was purified by roory si ally- 
ing it several times from boiling water. It melts at 187 — 189°, but 
at this tmporaturo undergoes somo decomposition. 

0*197 gave 0*07 15 AgCL Cl a »-34. 

C w H w NO-Nir-CHrO\lT 6 ,l£01 requires 01 = 9*42. 

XTnmulMie Nilromfr, 0 n l 

A mixture of 5 volumes of humulone, 5 volumes of amylic nitrites 
and 8 volumes of glacial acetic acid was cooled in a freezing mixture 
to about — 15°. To tins solution, a woll-coolcd mixture of equal 
volumes of nitric acid and glacial acetic acid was added little by little, 
with constant shaking ; there was considerable ovolution of heat and 
•a white crystalline substance soon formed, tho mixture becoming 
♦almost solid. Alcohol was now added, and after the contents of 
the tube had been allowed to remain in tho cold for about an hour 

3 a 2 
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the substance was collected with the aid of a pump, and washed with 
cold alcohol. The air-dried substance was found to ho practically 
insoluble in alcohol and other, but fairly readily soluble in bonzone, 
chloroform, and glacial acetic acid on warming. It crystallises best 
from hot benzene in the form of extromcly small colourless noodles, 
often forming rosettes on the side of the containing vessel. It melts 
at 162 — 163°, hut at this temperature there is considerable blackening 
and escape of gas. 

0*112 gave 0*085 H^O and 0*251 COa. 0 = Gl*07 ; II = 8*40. 

0*204 „ 16 2 c.c. moist nitrogen at 6° and 750 mm, N = 9*53. 

CisHaJCTjO* requires C = 60*81 ; H = 8 11 ; N = 9*46 per coni. 

When this compound was heated with piperidine, the elements 
of hydrogen nitrate were removed and the nitrolpiperido boforo 
described, melting at 153° was obtained as in the case of tho 
nitrosochloride . 

It is interesting in this connection to note that Wallach (Annaltm, 
1894, 279, 392) has described an analogous compound obtained 
from caryophyllene. This nitrosate appears to resemble tho one 
just described in its crystalline form and solubility, but melts at 
148 — 149°. Ou boiling the nitrosate with an alcoholic solution of 
sodium ethoxide, no visible action occurred, but on heating tlie com- 
pound with the same solution in a closed vessel to the boiling point 
of water, it gradually disappeared, and was replaced by a dense 
precipitate of sodium nitrate. After filtering and evaporating tho 
alcohol, a gummy mass remained which would not crystallise either 
from alcohol or ether, and which decomposed when distilled under a 
pressure of 20 mm. 

Nitrosife of Ilmmlenc , CrJI^NjOj. 

To a mixture of equal volumes of bumulene and light petroleum, a 
concentrated aqueous solution of sodium nitrite was added and tho 
mixture thoroughly cooled ; a volume of glacial acetic arid equal to 
that of tho humuleno taken was then added little by little with fre- 
quent shaking. Tho upper bydroearhon layer rapidly acquired a 
deep blue colour, which, on standing for some time, became somewhat 
green. Prom this green layer, deep blno needles soon separated, 
which, after somo hours, were collected and purified by one reerys- 
tallisation from boiling alcohol, from which solvent it separated in 
the form of magnificent, blue needles. 

Two separate preparations gave the following results on analysis. 

0 2085 gave 18*5 c.c. moist nitrogen at 18° and 762 mm. N = 10*24* 
0*207 „ 17*8 „ „ at 15° and 756 mm. M* as 10*04. 

OifiHaiUsOs requires If = 10*00 per cout. 
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The oily mother liquors from which the abovo crystals wore obtained 
deposited a further quantity of noodles of a paler colour than tho 
above, and the mother liquors from these in tuim deposited noodles, 
which, after crystallisation from alcohol, were colourless. This com- 
pound, which could only bo obfcaiued in small quantity, gave the 
following numbers on analysis. 

0*203 gave 17*5 c.c. moist nitrogen at 18° and 758 mm. 1ST = 9*93. 

CisHodSTA requires N = 10*00 per cent. 

From this it appears that the white compound is isomeric with tho 
blue, the latter being the nitroso- tho former the isonitroso -derivative 
of humulone. This conclusion is borne out by determinations of the 
melting points of the two compounds given below, and by the almost 
complete conversion of the blue into the white by the long-continued 
boiling of its alcoholic solution. 

{Several preparations of the blue compound, purified by one crystal- 
lisation from alcohol, molted at about 120°, the effect of each sub- 
sequent rocrystallisation from the same solvent being to very 
considerably increase its melting point and to render the substance 
palor in colour. The molting point of several preparations of the 
while compound obtained both from tho original mother liquors and 
also by tho boiling of an alcoholic solution of the blue compound, was 
160 — 168°, at which toiuporaiuro it underwent some decomposition, 
molting to a brownish liquid. The blue crystals also undergo some 
decomposition when heated to their melting point, forming a greenish 
liquid. 

As an example of the effect of boiling alcohol on tho bluo com- 
pound, L may give tho following numbers. 

A preparation of tho bluo needles, after one reerystallisation from 
alcohol, molted at 120— - 121°. A second reorystnllisution from tho 
same solvent raised the molting point to L*t()°, the crystals obtained 
being much paler in colour. They wore then dissolved in alcohol and 
boiled for several hours; tho noodles which separated on cooling had 
only a very faint bluo tinge and melted at 165 — 168°. Two other 
experiments gave similar results, although tho final melting point 
was not quite so high. 

The blue nitrosito dissolves readily in hot alcohol, glacial acetic 
acid, other, and chloroform, giving in all cases bluo solutions, but is 
practically insoluble in light petroleum. Of tho fow bluo solid 
nitroso-compounds at present known, tho uitrosocliloride of totra- 
mothylethylono described by Thiele (/ter., 1894, 27,455) is, perhaps, 
the most interesting, since, as Tildeu has pointed out (TranB., 1894, 
65 , 324), it must bo a true nitroso- and not an iso-nitroso-compound, 
as there is no hydrogen directly united to the two othylonio carbon 
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atoms. It is, of course, well known that many other compounds con- 
taining the NO group, though colourless when crystallised, are blue 
when molted or when in solution, such as tlio psoudonitrols, nitroso- 
benzono, &c., and Tilden (Trans., he. mb.) has suggested that the 
blue or green colour, which is so frequently observed when, nitrosyl 
chloride and nitrous anhydride unito with unsaiurated hydrocarbons, 
is to be regarded as an indication of the formation of a true nitroso- 
compound as the first stop in the process, tlio colourless compound 
which afterwards separates out being probably an oxime. The 
experiments above described afford strong proof of the correctness of 
this suggestion. 


LXXXI . — A Colouring Matter from Lomatia ilicifolia 
and Lomatia longifolia. 

By Edward H. Rennie, M.A., D.Sc., Professor of Chemistry in the 
University of Adelaide, South Australia. 

Introductory and Theoretical Pai?t. 

Some time ago, by the kindness of Mr. J. H. Maiden, Director of the 
Technological Mnsenm, Sydney, the author was supplied with a 
quantity of the seeds of Lomatia ilicifolia and Lomatia longifolia, two 
species of the gonns Lomatia (order Proteaceco) growing on the 
elevated portions of south-eastern New South Wales and north- 
eastern Victoria. These seeds are more or less surrounded by the 
yellow substance which forms the subject of this investigation. A 
preliminary examination soon showed that tlio colouring matter is the 
same for both specios, and that it is closely allied to tho “ lapachol ” 
described by Dr. Hooker (Trans., 1892, 61, 611). 

On boiling with water slightly acidified with acetic acid, the yellow 
substance is easily extracted, and may be purified by crystallisation 
from hot water (slightly acidified with acetic acid). It forms yellow 
needles, melting at 127°, soluble in hot water, and separating in tho 
crystalline form on cooling, easily soluble in alcohol, other, and the 
'■'ordinary solvents. It dissolves easily in alkalis, forming a deep rod 
solution, from which it is precipitated unchanged on tho addition of 
an acid. Its formula, as ascertained by several combustions and by 
a molecular weight determination, as also by collateral evidence 
(detailed below), is O^HuO*. Tt contains two hydroxyl groups, as 
evidenced by the formation of a diacotyl derivative on treatment 
with acetic anhydride. It forms also metallic derivatives, of which 
the barium compound is the most important yd examined, exhibiting. 
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as it does, remarkable similarity to the barium salt oE hydroxyhydro- 
lapacbol described by Hooker {loc. tit . ). 

So groat is this similarity, and so close is tho percentage of barium 
found to that required for the barium salt of hydroxy hydrolapacl 1 ol , 
that at first them seemed to bo a probability of the identity of the 
substance nndor examination with hydro xyhydrolapachol. As, 
however, tho results of ultimate analysis pointed to a distinct differ- 
ence, the author applied to Dr. Hooker, who very kindly forwarded 
small specimens of hydroxyliydrolapachol and of some other lapachol 
derivatives for comparison. On comparing the substances, it was 
soon soon that they are not identical. Hydroxy hydrolapachol seems 
to bo but very sparingly soluble even in boiling water (nothing is 
said on this point in Dr. Hooker’s paper), whereas, as stated above, 
the lomatia colouring matter dissolves to a considerable extent and 
crystallises on cooling. Further, tho specimen of hydroxyhydro- 
lapaehol forwarded by Dr. Hooker molted sharply at 125°, tho same 
thennometor being used as was employed in determining the other 
melting points in this paper. In fact, when specimens of the two 
substances wore tried simultaneously with the same thermometer, the 
one melted at 125° and tho other at 127°. 

On oxidation with chromic mixture the now substance yields acetic 
acid, and sometimos, if the oxidation bo gently managed, phthalic 
acid. 

If the substance is dissolved in a small quantity of concentrated 
sulphuric acid, and if tho solution, after standing for about 20 minutes , bo 
poured into a quantity of cold water, a small quantity of tarry matter 
separates; on filtering this off and allowing the clear solution to 
remain for several days, beautiful roeottos of red crystals gradually 
form on tho bottom and sides of the beaker, and can bo easily purified 
by crystallisation from somewhat diluted alcohol. This now substance 
molls at 204 — 205°, and is isomeric with tho original yellow sub- 
stance. It it bo boiled for a few mhiutos with a strong solution of 
caustic potash, it dissolves forming a doop red solution, and this 
solution on acidification deposits a yellow crystalline substance, 
which, after purification, molts at 182°. Tho two last-mentioned 
compounds would seem, judging from tho results of analysis, and 
from tho melting points, to bo identical with Hooker’s hydroxy- 
^-lapachono and dihydroxyhydrolapachol respectively. It is true 
that the melting point of the rod substance is about 3° higher than 
that given by Hooker (201*5°) for hydroxy-/*-lapachono, but that 
might easily ariso from some slight difference in purity. Tho melting 
point of tho yellow substance is, howovor, identical with that given 
by Hooker Eor dihydroxyhydrolapachol. If this supposition bo correct 
(it is to bo regretted that the quantity oF material at tho author's 
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disposal was too small for an exhaustive examination), it would scorn 
to follow that the lomatia colouring matt or is hydroxy la pachoh Just as 
lapaohol on treatment with concentrated sulphuric acid yields fU\ apa- 
chone, so hydroxylapachol should yiold liydroxy-^-lapaoliono, and tho 
latter on treatment with caustic potash and subsequent acidification 
should yield, as Hooker has shown, dihydroxyhydrolapachol. 

The presence of tho hydroxyl group in hydroxylapachol, however, 
renders possible another reaction under the action of concentrated 
sulphuric aeid, to which there appears to be no parallel in tho case of 
lapaohol. If the solution of hydroxylapachol in concontratod sul- 
phuric acid, instead of being allowed to stand for 20 minutes, be 
immediately poured into cold water, a red crystalline substance is 
precipitated, which after reorystallisation from somewhat diluted 
alcohol melts at 110 — 111 0 ; this contains the elements of a molecule 
of water less than hydroxylapachol, the combustion numbers indi- 
cating the formula Ci 5 Hi 8 0 3 . This substanco must bo cither identical 
or isomeric with Paterao’s isolapachone if Hooker’s revised formula 
for that substance bo accepted as correct. That it is not idontical is 
obvious from the melting point (isolapachone, according to Pateruo, 
melts at 140 — 141°: Hooker does not mention its melting point), 
and also from the following reaction. If the substance melting at 
110 — 111° is boiled for a few minutes with strong caustic potash it 
dissolves, forming a deep red liquid from which acids precipitate a 
yellow crystalline substance, apparently isomeric with hydroxylapachol , 
and melting at 109 — 110°. How Hooker has shown (he. cit.) that 
isolapachone separates unchanged on acidifying its solution in alkalis, 
the acid substance first formed boing apparently converted into its 
internal anhydride on liberation from its salts. 

The formation of tho red substanco moiling at 310— 111° appears 
to constitute, as might bo expected from wbat is stak'd above, an 
intermediate stage in the formation of hydroxy-ySMapnehono, for the 
mother liquor after filtering off tho former deposits, after many days’ 
standing, a small quaiitity of rod crystals melting at 201—205°, and 
easily recognised as idontical with hy<lroxy-/?-lapaehono. This boing 
so, it seems to the writer that if Hooker’s formula for hydroxy- 
£-lapachone (I) 


,' /n ' | ' / '^|-ch(oh)-6h-c 1 h 7 



to correct, then, the most probable formula for tho red substanco 
melting at 110 111 0 will be II, but this is the formula suggested by 
Hooker for Paterno’s isolapachone, though he says (loo. oil.) “ tho 
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fornula must bo accepted with some caution until it is based on 
further experimental evidence.” Obviously there is nood for further 
investigation as to the relationship of those two substances. It may 
ho pointed out, however, that a substance of the abovo formula might 
be expected (according to Hooker’s experiments in similar cases) 
to yield a substance of tho formula HI, 



This would bo isomeric with tho original hy droxylapacli < >1 , which as it 
(‘an bo converted into Hooker’s hydroxy- /3-lapachol by treatment with 
sulphuric acid should have tho formula IV. The writer puts forward 
these views with some diffidence as ho has had but a small quantity 
of material to woik on, and no more is available at present. Should 
any more substance bo obtained lator on, tho writer proposes to hand 
it over to Dr. Hooker, who, ho understands, is still investigating 
lapaehol and its derivatives. 

EXCKHIMI’NIAL PABT. 

Extraction and Purification of JhjdroxylapachoL — The seeds to which 
the yellow substance adheres are exhausted with boiling water, 
slightly acidified with acetic acid, and tho liquid rapidly filtered 
while hot ; on cooling, it deposits tho hydroxylapachol in a crystalline 
form. Two or three rocrystallisations from slightly acidified boiling 
water usually sufiico for complete purification. The substance is thou 
seen to be perfectly homogeneous when examined by the microscope, 
and to consist of slender, yellow needles; tho molting point after 
several crystallisations from varying solvents remains constant at 
L27°, and when submitted to combustion it gave the following 
results. 


I. 0*2520 gram of substance gave O’CtfiB 0(>i and 0*11100 ir a O. 


II. 

0-2144 

99 


99 

0-5500 CO, „ 

0-111511,0. 

III. 

0-2133 

99 

99 

99 

0-5445 CO, ,, 

0-J070 JI*0. 

IV. 

0-2143 

99 

99 

99 

0-5500 00, „ 

0-1045 11*0. 

V. 

0-2137 

99 

99 

99 

0-5440 00* „ 

— • 

VI. 

0-2204 

99 


99 

0-5634 CO* „ 

0-1110 11,0. 




Found. 

A- 


Calculated for 

C„U u O t . 


r 1,111 

i 

II. 

III. 

IV. 

V. VI. 

<3 .... 

60-85 

60-96 

6002 

69-09 

69-54 09-71 

60-76 

II.... 

5-73 

5-77 

5-57 

5-42 

lost 5-50 

6-12 
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A molecular weight determination was made by the freezing point 
method, using glacial acetic acid as the solvent, with the following 


result. 

Weight of substanco taken = 0*382 gram. 

Weight of solvent — 22*872 grams. 

Depression of freezing point = 0*244°. 


Using the constant 3860 given by Ostwald for acetic acid, this 
gives 

■at t i -it 3860 x 0*382 oajL 
Molecular weight = = 264. 

The calculated molecular weight for CibBuO* is 268. 

Metallic Derivatives . — Hydroxylapachol dissolves easily in solutions 
of the caustic and carbonated alkalis, but the compounds formed are 
very soluble, and so far bave not been obtained in a pnro state. 

The barium derivative, as already indicated, oxhibits a great 
resemblance to the barium derivative of hydroxyhydrolapachol 
described by Hooker (loc. cit .), yet it presents some slight diEoronces 
from that compound. It is readily prepared by boiling hydroxy- 
lapachol with water and barium carbonate. A deep crimson solution 
is formed, which, on cooling, usually deposits orange needles of the 
barium derivative. Sometimes, however, the liquid instead of de- 
positing crystals sets to a deep claret-coloured jolly. The conditions 
necessary to produce this result have not, however, from want of 
material been determined ; the usual result is the formation of tho 
crystals referred to. These crystals when dried over sulphuric acid 
appear at first to be practically anhydrous, as they lose only a trifle 
in weight even when heated to 110 — 120°. Above this temperature 
they aro apt to decompose. The following figures obtained on 
analysis show, however, that just as in tho case of the corresponding 
hydroxyliydrolapachol compound these crystals are not really an- 
hydrous, but contain one molecule of water. 

I. 0*2970 gram of substance gave 0*1012 gram BnHO*. 


II. 0-1719 „ 


11 

„ 0-0585 

„ BaKO*. 

in. 0-2148 „ 


11 

„ 0-0740 

„ BaSOi. 

IY. 02078 „ 


It 

„ 0-0723 

„ BaSOi. 

Y. 0-2075 „ 


11 

Found. 

„ 0-0718 

„ BaSOi. 

, 



1 1 

Calculated tor 

I. 

it. 

m. 

IY. Y. 

(OuH^OOsBa+HjO. 

Ba. . . . 20*04 

20-01 

20-25 

20-46 20-34 

20*47 


Iu Experiments I, II, and III tho substance was dried at 100°, in 
Experiments IY and Y it was dried at 110—120°* if now the orange 
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crystals bo vigorously rubbed up in an agate mortar, they undergo a 
change similar to that described by Hooker in the case of the liydr- 
oxyhydrolapachol compound ; this nibbing up is tedious and difficult, 
but tho compound gradually assumes a very deep maroon colour. In 
this condition it is apparently amorphous, but it does not swell up 
and bccomo converted into the orange crystals on more contact with 
water like the corresponding hydroxybydrolapachol compound* On 
boiling with water it dissolves, and on cooling the solution deposits 
tho orange crystals. Several experiments with small quantities of 
material indicated that in tho rubbing up process water is absorbed 
from the atmosphere, and that the triturated material on being heated 
loses more water than can be accounted for by this absorption, that 
in fact, it becomes converted into tho anhydrous barium, compound. 
Tho heating, howover, needs to bo carefully managed, and the tem- 
perature must not rise much above 100°, or decomposition is liable to 
set in. Moreover, if heat (even a temperature of 100°) bo applied too 
suddenly the substance is partly converted into tho original orango 
crystalline condition, and the escape of water is in some measure 
interrupted. Whereas if tho heating bo gradual the substance will 
retain its deep maroon colour uutil water ceases to como off. Tho 
following are some of tho results obtained in these experiments, all 
of them boing carried out with tho triturated material, and tho heat- 
ing to 100° boing in most cases gradual, though in some instances tho 
material was placed at once in a water oven round which the water 
was boiling. 


I. 01888 lost (at 100°) 0*0100 11,0 and yielded 0-0G35 BaW)*, 


II. 0-2970 


0 0170 H s O 

3) 

0-0980 BaKO*. 

lit. 0-5855 

IV. 0-3412 

99 

o-o:iir. H, 0 . 

33 

0-1138 I5aSO t . 

Y. 0 277:5 

99 

0 0128 H s O 

33 

0*0925 BaNOi. 

Vt. 1- 1(5(50 

VII. 0-21554 

19 

0-0585 I I.O. 

»» 

0-071 IJhKOj, 


I 

ir. nr. 

IV. 

V. VI. VII. 

I’OWOlltHgO of WtttOKl 
IokI al lotf* j 

- *V29 

5 -72 5 -30 

— • 

4-02 0-02 

IV remit ago of Ba on* 
umlvLcd material. , . 

•10-77 

10 -lo 

19*61 

10 •«! — 1(1-30 

lVrmibngo ol Ba on 
material dried at 

aoo° , 

-20-88 

20 T)8 

20-80 

2 o*r><; — 20 -os 


Tho absorption of water during tho process of trituration is, so far 
as these experiments arc concerned, deduced from the diminished 
percentage of barium ; the percentage in the orange crystals being 
about 20'4, and in that in the triturated material ID'BO (average). 
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It was thought desirable, however, to confirm this by direct experi- 
ment;. A weighed quantity of the orange crystals was ihorefore 
taken and very carefully rubbed up in au agate mortar on a shoot of 
white paper in such a way that no particles were lost. The material 
was then very carefully scraped out of the mortar and weighed* 
Tho mortar, pestle, and spatula used for scraping wore thou treated 
with pure hot water till all adhering substance (very small in 
amount) was dissolved, and the solution was evaporated in a platinum 
dish and converted into barium sulphate. From the weight of 
BaS0 4 thus found, the equivalent weight of tho barium derivative 
was calculated, and this was added to the weight of tho main 
quantity. In an actual experiment conducted in this way, 1*146 
grams of the orange crystals gave 1*166 grams of triturated sub- 
stance actually weighed plus 0*0125 gram, calculated from BaSO* as 
just indicated, or a total of 1*1785 grams. This is a gain of 
0*0325 gram or 2*83 per cent. This is tho material used in 
Experiment VI above, in which the total loss on heating to 100° 
was 5*02 per cent. It may be added that while those experiments 
were being conducted, the atmosphere was almost constantly humid. 
The figures agree fairly closely and seem to be consistent with the 
supposition that during trituration the orange crystals of tho barium 
derivative absorb 1H 2 0, but that ou heating the triturated material 
to 100°, it loses not only tho water taken up, but another molecule 
in addition, becoming, in fact, anhydrous, or nearly so. The foilow- 
ing figures bear out these statements when compared with tho 
experimental results. The addition of 1H>0 to (C w H 13 0 4 ) 3 Ba + H 2 0 
requires an increase in weight of 2*69 per cent., and tho percentage 
of barium in tho substance so formed would be 19*94. If, then, this 
substance loses 2n 3 0, the decrease in weight would bo 5*24 per cent., 
and tho percentage of barium in tho anhydrous derivative would bo 
21*04. That tho percentages of barium found in tho dried material 
fall, in somo cases, considerably short of the latter figure, is doubtless 
due to the fact above stated, that sometimes oven with careful boat- 
ing, tho dark maroon-coloured compound is partly converted into tho 
original orange crystalline condition, tho escape of water being 
thereby prevented and the percentage of barium consequently 
lowered. 

The calcium derivative prepared by a method similar to that used 
for the barium compound forms an almost black, granular mass, 
which under the microscope is seen to consist of very dark red 
crystalline grains. After having been left iu a desiccator over 
sulphuric acid for several days, it loses water slowly at 100°, more 
rapidly at 120°. In one experiment 0*2712 gram prepared in this 
vay yielded 0*0645 OaS0 4 , which represents 6*99 per cent, of calcium ; 
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tho theoretical amount for (GuHnOOiCa 4- H*0 being 6 99 per cent. 
One rough experiment seemed io indicate that this salt also, when 
rubbed up in a mortar, behaves in somewhat tlio same maimer as the 
barium compound, but the data are, from want of material, insuffi- 
cient to establish tho point. 

The silver derivative can bo prepared by precipitating a solution 
of silver nitrate with a solution of tho barium derivative. It forms 
a maroon-coloured, crystalline powder. On analysis 0*2304 gram 
gave 0*065 metallic silver = 28*21 por cent. ; the theoretical number 
for CifillijOiAg + H*0 being 28*19 per cent. 

Acetyl Derivative . — To prepare the acetyl derivative, hydroxy- 
lapachol is boiled with acetic anhydride and a minute quantity of 
zinc chloride for two or three minutes; water is then added, the 
contents of tho vessel heated to decompose the excess of acetic 
anhydride, and the whole is allowed to stand. In this way, a yellow 
solid is obtained, which on recrystallisation forms yellow needles, 
appealing quito homogeneous when examined by tho microscope. 
A Her being several times rocrystallised from alcohol and allowed 
to dry m the air, its melting point remains constant at 82°. 

0*2263 gave 0*3503 CO* and 0*118 H*0. 0 = 66*26 ; H = 5*79. 

Ci5HiA(C a ir*0) a requires C ss 66*66 ; H = 5*26 per cent. 

Two saponification experiments wore performed as follows. 

1. A small portion of tho substance =s 0*3542 “gvam was boiled with 
pure caustic soda, till complete solution was effected, tho liquid acidified 
with sulphuric acid, and distilled with tho usual precautions, tho 
distillate being collected in a flask containing pure barium carbonate. 
The distillato was then boiled witli tho barium carbonate, liltorod, and 
tho barium in the filtrate estimated. Tho JBaSOj, obtainod weighed 
0*2189 gram, and this corresponds to 0*1127 acetic acid or 31*8 por 
cent. Tho theoretical quantify obtainable from a diacetyl derivative 
is 35*08 por cent, and from a monacotyl derivative 20 per cent. 

2. A weighed quantity of material = 0*2175 gram was boiled for 
Homo time with water and a slight excess of barium carbonate in 
a flask attached to a reflux condenser. As soon as saponification was 
complete, the excess of barium carbonato was filtered off and tho 
barium estimated in tho filtrate. The quantity of Bn HO* found was 
0*2091* gram, but of this only two-tlurds is duo to the presence of 
tho acetyl groups, tho remainder bei ng duo to tho formation of tho 
soluble barium derivative of hydroxy la paohol. This is ovidont from 
tho following equation. 

SOwIIjACOJI/))* + 3BaCO* + 11*0 = (MA^Ba 

+ 2(C a JIA) a Ba + 300*. 

Two-thirds of 0'2094 « 0*1396 BaSO*, which corresponds to 
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0*0719 gram acetic acid or 33 06 per cent. Theory, 35*08 per coni. 
Thore can be no doubt, therefore, that a di acetyl derivative is 
formed. 

Oxidation . — On boiling with a 5 per cent, solution of potassium 
dichromate in dilute sulphuric acid for somo hours, hydroxylapachol 
is almost completely oxidised, only a small quantity of tarry matter 
being formed. Acetic and phthalic acids were easily recognised as 
the products of oxidation. 

Action of Sulphuric add on Hydroxylapachol and Formation of 
Hydroxy-fi-lapachol. — Hydroxylapachol is dissolved in a small 
quantity of concentrated sulphuric acid in the cold, the solution is 
allowed to stand for from 15 to 20 minutes, and is then ihiwn 
into a large quantity of cold water. A small quantity of tarry 
matter separates which can be filtered off after the liquid has been 
allowed to stand for a short time ; a clear solution is thus obtained 
from which beautiful rosettes of red crystals begin to separate after 
an interval of from 7 to 10 days. These crystals are readily purified 
by two or three crystallisations from slightly diluted alcohol, and 
they melt at 204 — 205°. 

0*1192 gave 0*3065 C0 2 and 0*0615 H 2 0. C = 70*13* ; H = 5*73. 

C15H14O4 requires C = 69*76 5 H = 5*42 per cent. 

The melting point of this substance is slightly higher than that 
given by Hooker (201*5°) for hydroxy-^-lapachone. Two or throe 
different small specimens, however, always melted at the same tom- 
perature. From the combustion numbers and tlio reaction with 
caustic potash, to he immediately described, the winter believes iliis 
substance to he identical wtth hydroxy-^-lapachono. When boiled 
fox* a few minutes with a strong solution of caustic potash, tho mi 
crystals dissolve, forming a deep red solution from which on acidi- 
fication a yellow substance is precipitated ; after being rocrystallised 
two or three times from alcohol it melts at 182°. Hooker gives 
181 — 182° as tho melting point of dihydroxyhydrolapaehol* The 
following are the results obtained by combustion. 

I. 0*2-186 gave 0*5938 CO, and 0*1320 H a O. 0 = 65*14 ; II = 5*89. 
11.0*2280 „ 0*5445 „ 0*1198 „ 0 a 65*13 5 II = 5*83. 

CisHuOs requires C= 65*21 ; II = 5*79 per cent. 

From want of material, this substance could not bo further 
studied ; it was observed, howevor, that on boiling with concentrated 
hydrochloric acid it was dissolved, and a red substance was formed, 
which melted at 202°, and was doubtless hydroxy-/3-lapac hono. 

Action of Sulphuric etc id on Hydroxylapachol and Formation of a 
Bed Substance differing from Hydroxy-ft-lapachone.—* Hydroxylapachol 
is dissolved in the smallest possible quantity of concentrated sal- 
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pTmrio acid and the solution Immediately poured into cold water ; the 
rod crystalline substance which is precipitated is readily purified by 
one or two rocrysi alii Rations from slightly diluted alcohol. As thus 
obtainod, it forms beautiful, silky noodles of a somewhat deeper rod 
than hydroxy- £-lapach one ; it melts at 110 — 111°, is practically 
insoluble in water, but soluble in alcohol and the ordinary solvents. 

0*1544 gave 0*4275 CO* and 0*0748 H*0. O = 75*52* ; H = 5*38. 
0*1459 „ 0*4035 „ 0*0685 „ O = 74*91 ; H = 5*11. 

Oi 5 H 13 0 3 requires O = 75*00; H = 5*00 per cent. 

After filtering off this substance and allowing the mother liquor to 
stand for a long time, they deposited a small quantity of red crystals 
molting at 204°, doubtless hydroxy-£-lapachone. Hence the abovo- 
doBcribcd substance would appear to be an intermediate stage in tbe 
formation of hydroxy-^-lapachono. Tf the compound melting at 
110 — 111 0 be boiled for a few minutes with a strong solution of 
caustic potash, it dissolves, and the solution on acidification deposits 
a yellow substance which must be recry slallised four or live times 
from water slightly acidified with acetic acid; it then Towns yellow 
needles melting at 109 — 110°. It yielded the following results on 
combustion. 

0*128 gave 0*3287 CO* and 0*064 11*0. C = 70*04*; II = 5*55. 

CifiHiA requires C = 69*76; H = 5*42 per cent. 

This substance is obviously formed by the addition of tho elements 
of wafer to the red compound melting at 110 — 111°, and is therefore 
isomeric with liydroxylapachol, but as in the case of some of the 
othor substances described, there was not sufficient material for 
further examination ; its relations to hydroxy lapaoho] and to 
Patorno’s isolnpachono have boon already discussed in tho introduc- 
tory part. 

The author is deeply indebted to Mr. JL H. Maiden, of tho Tech- 
nological Museum, Sydney, for supplies of atonal which are difficult 
to obtain, and also to Dr. Hooker for specimens of some of his lapaehol 
derivatives. 

* In this combustion and the subsequent ones marked with an asterisk in tins 
paper, 1 lie somewhat high percentage of carbon is believed to bo duo to an imper- 
fection in tho combustion apparatus subsequently discovered. — JQ. If. It. 
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LXX5II . — Dissociation of Liquid Nitrogen Peroxide, 
Part II. The Influence of the Solvent . 

By James Tudor Cun d all, Lecturer on Chemistry in the Edinburgh 

Academy. 

In a former communication to the Chemical Society (Trans., 1891, 
59, 1076), I described some colorimetric experiments to show that 
liquid nitrogen peroxide dissociates, both on dilution with an “ in- 
different ” solvent and on rise of temperature. 

At the outset it was supposed that dilution would produce the 
same effect that is understood to result from tho dilution of a dis- 
sociable gas with an indifferent gas, that is, act as a more reduction of 
pressure. 

This may be the case with solutions in which tho nitrogen 
peroxide is present in concentrations comparable with gaseous per- 
oxide, but it does not seem to bo so with the solutions described in 
the present communication, which are of about 3 grams of peroxide 
to 100 c.c. of solution; ronghly corresponding to the gas under a 
pressure of over 7 atmospheres if N 2 O a were still obeying Boyle’s 
law. 

Ostwald has shown (Trans., 1892, 61, 242), from the results of my 
experiments, that the dissociation of the liquid on dilution obeys tho 
same law that it follows when the pressure on tho gas is reduced, 
but that the dissociation in the liquid is nothing like so far advanced. 
This discrepancy was to be expected as the concentrations are so 
very different in the two cases, oven if tho solvont had no specific 
action. I had indeed made some calculations of a similar character 
previous to publication, but, owing to tho groat difference botwoen 
the concentrations, 3 refrained from stating them until some more 
dilute solutions had been examined.* 

Tho dissociation in the ohloroforom solution differing from that in 
the gas, it was necessary to extend tho experiments to decide whether 
tho deviation was duo to tho solvont or to the proportionally very 

* Some confusion has arisen owing to tho strength oC the solutions in my previous 
paper being stated in volume? of peroxide per 100 volumes of solution; tlio concen- 
tration or weight of peroxide being the percentage by volume in volume x 1 *41). 
As, however, the absolute amount of NO s formed is calculated by multiplying 
the weight of NO s per 100 grams of peroxide in ono of the solutions by the 
relative dissociation (Trans., 1891, 59, 1089), tho difference is of no cousequoneo iu 
tho present or previous communication, but tho concentration and constant in 
Ostw aid’s paper are 1/1*49 of their proper values. To avoid furl her misconcep- 
tion, 1 state the strengths hereafter both in volumes and weights of peroxide per 
100 c.c. of solution. 
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groat concentration of the peroxide. The first question is perhaps 
tho most interesting, for, as Osfcwahl suggests, it may be similar to 
the influence of tho solvent on the rate of chemical action. N. Mon- 
schutkin has made experiments of this kind, that is on tho velocity 
of etherification (Zeit. physihil. Chem 1888, 1, 611) and of interac- 
tion of ethylic iodide and triotkylaminc ( Zeib . physikal. Ghem., 1890, 
6, 41), in which ho clearly shows that the so-called indifferent 
solvent has a marked effect on the rate of change. 

The following experiments are a further contribution to our 
knowledge of similar actions. 

Apparatus . — This was substantially the same as that employed in 
the former part of tho work, only minor improvements having been 
made. 

Materials used and Method of Comparison. — A fresh quantity of 
nitrogen peroxide (350 grams) was prepared by the method pre- 
viously described (1077, loc. cit .), except that finely powdered 
commercial arsenic trioxide was used. In this case, it was found 
advisable to fit the generating flask with a glass dead- weight safety 
valve as tho action was apt to bo dangerously vapid at the commence- 
ment. 

The active nature of nitrogen peroxide prohibits the use of a 
groat number of liquids as solvents, although it was found that 
whon precautions were takon to ensure dryness and purity, a larger 
number of them could bo employed than was expected. Those which 
yielded good results wore methylene chloride, chloroform, carbon 
tetrachloride, ethylene chloride, othylideno chloride, ehlorobonzene, 
silicon tetrachloride, hromoform, otliylic bromide, ethylene bromide, 
bromobonzono, carbon bisulphide and benzene. Acetic acid was not 
very satisfactory as it was difficult to obtain fairly largo quantities 
absolutely dry, and even then, on standing or heating with the per- 
oxide, some action took place. 

Parachlorotoluono was either acted on slightly, or contained some 
impurity I could not remove. It seemed almost impossible to obtain 
bonzylio chloride in a satisfactory state of purity and tho other sub- 
stances, which wore carefully tried, namely, cf hylic* iodide and 
stannic chloride, wore immediately acted on. 

Some solutions kopfc better than others* the standard chloroform 
solutions were proved to bo unaltered after six mouths 9 use, though 
after longer periods, especially if much heated, some slight change 
was detected. Carbon and silicon tetrachloride solutions keep as^ 
well, hut tho others, though never tested after any length of Vjpr 
probably do not suffer much change. Nitrogen peroxide is a 6jr 
von. ii&vii. J y 
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test for water, and some other impurities in tho solvents ; iho least 
trace of water, for example, causing a peculiar and easily recognised 
dinginess of the solution, whilst larger quantities turn dilute solu- 
tions distinctly groenisb. The solutions were made up as before by 
weighing (a preliminary measurement of the volumes being made 4 in 
order to get approximately equal strengths), and the porccntage by 
volume in volume calculated from tho relative densities at 0° unless 
otherwise specified. Details of the weighings and calculations of 
strength are omitted in order to save space. 

The comparisons, made in the manner formerly described (lor, cit., 
1082), were with chloroform solutions, which were standardised 
against the pnre peroxide. The individual matches, of which at least 
five were made for each comparison, are not stated, but only tlioir 
sums, reduced to the length that matches a column of pure peroxide 
10 mm. long, I found that with practice I could make the individual 
matches of a comparison more coucordantly than those cited formerly. 

Influence of External Pressure . — The colorimeters used (fig. 1, 
1079, be. cit .) being sealed, it was necessary to settle whether altera- 
tions of pressure on the liquid would affect the colour, as such 
alterations are liable to take place from the expansion of tho liquid 
or variation of its vapour pressure. 

To settle the question, the side tube of a colorimotor, containing a 
solution 1 Y, was opened to tho atmospheric prossuro of 770 mm., 
and its contents matched against a standard solution 3 C', both being 
kept at temperature of 15*7°. It was found as a moan of 5 readings 
that 106 m 6 mm. of 1 Y matched 100 of S C'. The open colorimeter 
was then connected with a supply of compressed air at an additional 
pressure of 640 — 700 mm., and roadings again taken. H was then 
found as a mean of 8 readings that 105*8 mm. of 1 Y matched 
100 of 3 O'. The difference betwoon tho two results is within tho 
experimental error. TIuh is as may be exported, for, as tho solutions 
aro practically incompressible, any influence from tho molecules 
being brought closer together by such pressures is out of iho 
question. The prcssuin on the liquids is therefore neglected. 

Sol nlwns in Chloroform* 

Chloroform, purified as previously described ( he , cit., 1078), was 
made up into a solution 1 C of 1*84 e.c., or 2*74 grams of nitrogen 
peroxide in JLOO c.c. of solution. Tho solution was compared with 
pure nitrogen peroxide on four different occasions, and though iho 
s^mparison is a difficult one, owing to tho very different strengths 
solutions, the results arc very concordant. 
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Table I . — Comparison at different temperatures of Solution 1 0 of a 
strength of 1’84 c.c. or 2*74 grams per 100 c.c. of Solution , with pure 
Nitrogen Peroxide at 0°. A column 10 mm. long of the pure per- 
oxide is taken as the unit of colour and as being dissociated to the 
extent of 1 unit (1 unit of dissociation = 0*0468 patt by weight of 
N0 2 in 100 parts by weight of peroxide). 


Date. 

Columns of 
equal tint. 

Temperature. 

Solution. 

Per cent, 
y length. 

Relative 

dissociation. 

25/5/93 

10 mm. 

0°0 

Peroxide 

1C00 

1*0 


164 „ 

0 

10 

302 

3*3 


53 „ 

12-8 

1C 

98 

10*2 

26/5/93 

165 „ 

0 

1C 

304 

3 *3 


66 „ 

12 *7 

1C 

121 

8*3 

12/7/93 

168 „ 

0 

1C 

306 

3 3 


80 „ 

7‘5 

1C 

147 

6*8 

>1 

49 „ 

14-7 

1C 

90 

11 1 

4/12/93 

162 „ 

0 

1C 

299 

3*4 

if 

101 „ 

6*1 

1 c 

186 

5*4 


The comparison of solution 1 C at higher temperatures with the 
pure poroxido was not made directly, but by means of two solutions 
in carbon tetrachloride. The chloxoform solution was compared with 
the carbon tetrachloride solution at about 12°, and the relation 


Table IT . — Indirect comparison cf Solution 1 C with the pure Peroxide 
at 0° through Solution 1 T. From results in Table I 9 60 mm. of 10 
at 11*8° are taken as being equal to 10 mm. of pure peroxide. 


Columns ot 
equal tint. 

Temperature. 

Solution. 

Per cent, 
x length. 

Relative 

dissociation. 

IEHMM 

0° 

Peroxide. 

1000 

1-0 


(11 *8) 

(10) 

(UL) 

(9-0) 

61 „ 

11 *8 

IT 

— 

— 

16 „ 

19 *1 

10 

85 

11 ’8 

21 „ 

28 ’0 

10 

44. 

23*0 

13 „ 

36 *0 

10 

24 

-12T-0 

« 

42 *0 

3 0 

17 

69-0 


Through Solution 2 T. 


86 mm. 

12 -1° 

2T 



36 „ 

19 8 

1C 

66 

15 “0 

22 „ 

29-0 

10 

41 

24-0 

ii 

39 *7 

10 

i 

21 

48-0 


3 H 2 
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between tbe colours found, and hence from the results in Table I, 
the relation between the colours of the carbon tetrachloride solutions 
and the pure peroxide. 

The carbon tetrachloride solutions were then kopt at the same 
temperature, and compared with the chloroform solution at varying 
temperatures. The colour ot the carbon tetrachloride solution in 
terms of that of a column of the pure peroxide being known, pro- 
portion gives the relative colour of solution 1 0 compared with that 
of a 10 mm. column of pure peroxide at 0°. 

A solution in chloroform, 2 C, of 1*79 volumes of peroxide in 
100 volumes of solution was made up as a check on solution 1 C,and 
compared, with the following results 

Colb 1C. Cols. 2 C. Temp 

100 106 9*3 C 

100 110 12-8 

As there was no important difference in tint, on allowance being 
made for the difference in strength, solution 2 0 was not preserved 
as a standard. 

Owing to an accident, the colorimeter containing 1 C ceased to 
work well, so a solution of 3 C of 1-90 volumes of peroxide per 
100 volumes of solution was made up and put into a new colori- 
meter. 

Solution 3 O was then compared with 1 C, when it was found that 
100 mm. 1 0 matched 100 mm. 3 C at 10*5°. A portion of solution 
3 O was then used as the standard of comparison instead of solution 
1 C, a second portion being stored in a sealed bulb in a cool dark 
place, and used in the most recent experiments as a standard under 
the title of 3 C'. 

The lengths of the standards at the different temperatures match- 
ing 10 mm. of pure peroxide at 0° are plotted as Curve 1, Plate I. 
This is used in the subsequent experiments to find the lengths of 
tho chloroform solutions containing unit amount of N0 2 , in order 
that tho relative amount of dissociation in solutions made with other 
solvents may be referred to the same standard. 

Tho relative dissociation is plotted as Curve II, Plato II. 

Solutions in Methylene Chloride . 

Methylene chloride was prepared by reducing an alcoholic solution 
of chloroform with zinc dust and dilute hydrochloric acid. The 
washed distillates from several operations were fractionated, and the 
portions boiling at 40 — 43° (uncorr.) mixed with phosphoric 
anhydride and allowed to stand. The yield was small, and, although 
severs! modifications of the process were tried, no better result was 



CO 
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obtained, probably owing 1 to the "very volatile methylene chloride 
being carried ofF to some extent with the escaping hydrogen. 

After standing some days the methylene chloride was poured off 
from tho phosphoric anhydride and distilled. The distillate was made 
np into solution 1 M, but the colour was not satisfactory, so the solution 
was agitated out with sodium hydroxide solution, washed with water, 
dried over phosphoric anhydride, and distilled. Solution 2 M was 
then made np of 1*82 c.c., or 2*71 grams of nitrogen peroxide in 
100 c.c. 

The solution was then compared with 1 C, and the results reduced 
to the standard of 10 mm. of pure peroxide at 0°. 


TaiUjB Til . — Measurement of the Dissociation in Methylene Chlou'de 
solution 2 M of 1*82 c.c. tn 2*71 grams per 100 c.c. 


Tempera ture. 

Columns 1 O. 

Columns 2 M 

Length x 1 82 

Retain e 
dissociation. 

1 3° 

110 mm. 

130 mm. 

237 

4-2 

10-7 

t>4 „ 

•S2 „ 

149 

(3*6 

15-2 

40 „ 

59 « 

307 

9*4 

19*8 

38 „ 

HI 

91 

11 ‘0 

2(3 *9 

25 „ 

■M 

55 

38-0 

30-0 

21 „ 

23 „ 

42 

21*0 

-1*0 

H3 „ 

129 „ 

235 

4*0 

4*0 

113 „ 

143 „ 

2(30 

3-9 

8 *0 

77 „ 

104 „ 

189 

5*3 

13*5 

48 „ 

(31 „ 

1 1U 

9*0 

21*0 

3(3 „ 

17 „ 

86 

31*6 

4-1 

102 „ 

138 „ 

218 

i-o 


The illative dissociation is plotted as Curve III, Plate II 


Solution in Carbon Tetrachloride. 

Some u chemically pure” carbon tetrachloride* was mixed with 
phosphoric anhydride, allowed to stand, and distilled. It boiled 
within a range of 2°, and was divided into three fractions; the 
middle and major portion, which was of constant boiling point, being 
used to make up solution 1 T of 1*77 c c. or 2*04 grams of peroxide 
to 100 c.c. of solution. Tho solution was compared with 1 C. 


* TJnlobb other wise stated, the soh exits used wore obtaiuod from Messrs*. Har- 
rington Brothers, Cork. 
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Table TV. — Measurement of the Dissociation in Oarbon Tetrachtoridi 
solution, 1 T, of VI*? c.c. or 2*64 grams per 100 c.c. 


Temperature. 

Columns 1 C. 

Columns 1 T. 

Length x 1 *77 

Relative 

dissociation. 

12-0° 

61 - 0 mm. 

52 mm. 

92 

11 

19-2 

39 6 „ 

34 „ 

60 

17 

28 1 

24 0 „ 

21 „ 

37 

27 

36-1 

14-0 „ 

12 „ 

21 

48 

42-6 

9-8 „ 

9 „ 

16 

62 


Tit© relative dissociation is plotted as Curve IV, Plate II. 


Solutions in Ethylene Chloride . 

Two hundred and twenty grams of “pure” ethylene chloride was 
washed, dried, and distilled. The greater portion (b. p. 83 — 85°) 
was mixed with phosphoric anhydride, and, after standing, frac- 
tionated. The portion boiling from 83 ’7 — 84*0° was made up into 
solution 1 H of 1*79 c.c., or 2*67 grams of peroxide in 100 c.c., 
whilst from the next fraction (b. p. 84*0 — 85*1°) solution 2 H of 
1*83 c.c., or 2*73 grams in 100 c.c. was prepared. Both solutions 
were compared with 3 C'. 


Table V. — Measurement of Dissociation in Ethylene Chloride solution , 
IS, of 1*79 c.c. or 2*07 grams of Peroxide per 100 c.c., and 2 S of 
1 # 83 c.c. or 2*73 grams per 100 c.c . 


Temperature. 

Columns 3 O'. 

Columns 1 JEL 

Length x 1*79. 

Relative 

dissociation. 

6 -2 s 

102 mm. 

210 mm. 

376 

2*7 

14 *2 

52 „ 

96 „ 

172 

5*8 

21*9 

34 „ 

58 „ 

103 

9*7 

27-8 

24 ,, 

42 „ 

75 

13*8 

5*5 

09 „ 

184 „ 

329 

8*0 



Columns 2 H. 

Length x 1*83. 


5*0° 

104 mm. 

188 mm. 


2*9 

14*4 

52 „ 

85 „ 


6*4 

23*8 

30 „ 

52 „ 


10*5 


The relative dissociation is plotted as Curve V, Plate III. 
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Solutions in Ethylidene Chloride. 

A specimen of “ pure 99 ethylidene chloride was washed and frac- 
tionated, when almost all passed over between 57*5 — 58*0° (775 mm.). 
After standing with phosphoric anhydride, it was poured off, dis- 
tilled into the weighing flask (b. p. 57*9 — 58*0° at 779 mm.), and 
made up into solution 1 T of 1*97 c.c., or 2‘94 grams of peroxide in 
100 c.c. After comparison, the solution was emptied out, treatod 
with sodium hydroxide, washed, dried, distilled, and made up into 
solution 2 T of 1*79 c.c., or 2*67 grams in 100 c.c. Both solutions 
were compared with 8 O'. 


Table VI. — Measurement of Dissociation in Ethylidene Chloride solu- 
tions 1 Y of 1*97 c.c. or 2*94 grams of Peroxide per 100 c.c. and 2 Y 
of 1*79 c.c. or 2*67 grams per 100 c.c. 


Temperature. 

Columns 3 O'. 

Columns 1 Y. 

Length x 1*97 J 

Relative 

dissociation. 

6 *4° 

100 mm. 

113 mm. 

223 

4*5 

13-5 

54 „ 

69 „ 

116 

8*7 

20*6 

37 „ 

40 „ 

79 

12*6 

2b -0 

24 „ 

25 „ 

49 

21*5 



Columns 2 T. 

Length x 1*79. 


5-2° 

102 mm. 

119 mm. 

213 

4*7 

13*0 

64 „ 

64 „ 

115 

8*7 

21 -5 

36 „ 

A A. 

33 

72 

13-9 

27 9 

24 „ 

27 „ 

48 

20*8 


The relative dissociation is plotted as Curve VI, Plate III. 


Solution in Benzene. 

Some benzene that had been freed from thiophen by shaking out 
with sulphuric acid, and purified by fractionation and freezing, was 
dried by standing over phosphoric anhydride for some weeks. It 
was then distilled, and a portion was made up into a solution 1 1ST, 
but the colour was not good, so the whole of the purified benzene 
was treated with nitrogen peroxide, shaken out with sodium 
hydroxide, washed, and dried. A portion was then distilled off 
(b. p. 79*5 — 79*9° uncorr.) and made up into solution 2 H* of 1*86 c.c., 
or 2*77 grams of peroxide in 100 c.c. The colour was now quite 
satisfactory, and the solution was compared with 3 0. 
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T\ni/r YIT . — Mi asui ement of Dissocial ion in Benzem solution , 2 N, of 
1*8(> c.r . or 2*77 gram* of Prrod ide per 100 c.r. 


Temperature. 

Columns 3 C 

1 

Columns 2 N. 

Length x 186. 

RcUtnc 

(lissoaation 

■H 

52 mm. 

1 * i 

M mm 

156 

6 1 

20 ‘G 

37 „ 

»>8 j, 

108 

9-3 


20 „ 

30 „ 

56 

17 9 


The relative dissociation is plotted as Curve VII, Plate III . 


Solutions in Monochloi obenzene. 

u Pure ” monoclilorobeuzene was dried with phosphoric anhydride, 
and distilled (b. p. 132 — 133*3°) ; a middle portion being made np 
into solution 1 Z of 1*81 c.c., or 2*70 grains in 100 c.c. of solution. 
Another portion was dried for several weeks over phosphorus 
pentoxide, distilled and made up into solution 2 Z of 1*98 c.c., or 
2*95 grams in 100 c.c. Both solutions were compared with 3 C. 


Table VIII. — Measurement of Dissociation in Monochlorobenzene solu- 
tion, 1 Z, of 1*81 c c. or 2*70 grams of Peroxide , and 2 Z of 1*95 c c. 
or 2*95 grams per 100 c.c. 


Temperature. 

Columns 3 C. 

Columns 1 Z. 

Length x 1 81. 

Relative 

dissociation 

12-8° 

i 

57 mm 

i 

63 mm. 

114 

8*8 

21*0 


a 

74 

15 5 

30 0 

31 „ 

20 „ 

1*7 

21-3 



Columns 2 Z. 

Length x 1 95. 


1 4*9° 

30 nun. 

(SO mm. 

119 

8 *4 

23*0 

32 „ 

38 „ 

76 

13*2 

30*5 

20 „ 

32 „ 

14 

22*7 


The relative dissociation is plotted as Curve VIII, Plato III. 


Solutions in Monobromobenzene. ' 

Monobromobenzene was prepared by heating purified benzene with 
bromine and a trace of iodine in a flask fitted with a reflux con- 
denser, until action ceased. The product was washed with sodium 
hydroxide solution, and with water, dried, and fractionated. The 
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|MMiiBaflBBBBBBBBBBBfl’“£!*BBBBBBBBBBBBL!llh3BBBBBBE3BBB 
■BBflflBBBBBBBBBBBIr:«BBBBflBBBBBBflflfcaBBBBBBBgB 
■BBBBBBBBBBBBBBBBB.^iiiSBBBflflBgBBBBBBBBBBBflBBfl 
■MHKBBBBBBBBBBBBBBBBBBBBBi^BBBBBBBBjMMHMMMl 
BBBBBBBBBflBaBBBBBBBBBBBBBBflBBBBBki^rnBBBHHHHH 
BBBgflBflflgBBBflBBBBflflflBBBBBBBBBBflflBBB;.;*»5^7«BBBflBflBB 
flBBBBBBBBBflBBflBBBBBBBBBBBBBBBBBflBBflBBBflBMflBBBBBflBB 
flBBBBBflBBBflflflflBBflflflBflflBBBBBBBBBflBBBBBBBBBBBflBBflflBB 
BBBBBBBBBBBBBBBBE'flBflBBBflBflflBBBBBBBBBBBBBBBBflaBflBBB 

■5SSSSSSSS5SSS5££MSS&SISSS55MMMS5SSSSSSSSSSISflS 

ibbbbbbbbbbbbb 

liiBBBBBBBBflBBBBBBdbBa^BBBBBBKo^B^Br.BBaBBBBBBBBBttBBi 
KflBBBBBBBBBBBBBBBlifnVBBiTIBBBflBBBBBBBBBBBBBBBBBBBBBgB 
•BBBBaaBBBBBBBBBBBB^^4SBBBBBBBBBBBBBBflBBBBBflBBBflBiB 
UlllBB BBBBBBBBBBBlgB^^gKBBBBBBBBBBBBBBBBBBBBBgBBBB 
HMHjMEBBBBBBBBBBn^JBBhBttKBBBBBBBBBBBflBBBBBBBBflBBBB 
■PBBBBBBBBBI^IBB^^a^BBBflBBflBBBBBBBBBBBBiiiBB 
iMliHilllllliHi^ia^aBaBBBBBBBBaBBBflBBBBBaB 
■i^^attBBBBBBBBBBBBBBBBBBBBBB 
|BBaBBBBBB££3KC«BBBBBBBBBBBBBBBflBBB 
PHHHHHHHHHHEBBBBBBBBBBftkk^^KBBBBBBBBBBBBBBBBBBBB 
|BBBBBBBBBBBBBBBBBBBBBBBBBBBFcBlk!B?IBBBBBBBBBBBBBBBBBB 
MMHHMMiiMMBHBBBBBBI^L^^VBBBBBBIRIBBIBail 

iBB^B^N^I^BBlBBBBBBBB BBB] 
IBBBIilSti^BBBBBBBBBBBBHfl 

fclBBBBBBBBBBBBBBBBBBBBBBBBBBiiaitailj 

IBBBBflflflBH 

SSSSSSSSSSSaSSSSSSSESSSKSSSSSSSSSSBSSSSSSSSaS 

SUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBB 
EaaiBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
IKBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBM MMMMMMMj 
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portion boiling at 157 — 158° (uncorr.) was dried with phosphoric 
anhydride, distilled into the weighing flask, and made tip into 
solution 1 R. The colour of ihe solution was not quite satisfactory, 
so it was treated with sodium hydroxide, washed, dried, and distilled, 
and made up into solution 2 It of 1*92 c.c., or 2*86 grams in 100 c.c. 
After comparison, the solvent was again purified as before, and 
made up into solution 3 It, with a new sample of nitrogen peroxide. 
3 It contained 1*85 c.c., or 2*76 grams per 100 c.c. Both solutions 
were compared with 3 C. 


Table IX. — Measurement of Dissociation in Monobromobemene solu- 
tion, 2 B, of 1*92 c.c. or 2*86 grams of Peroxide, and S B of 1*85 c c. 
or 2*76 grams per 100 c.c. 


Temperature. 

Columns 3 C. 

Columns 2 R. 

Length x 1*02. 

Relative 

dissociation. 

11 *5 J 

51 mm. 

5(i mm. 

108 

9*3 

21 *5 

31 „ 

39 „ 

73 

18-7 

31 -6 

19 „ 

21 - 

i w 

31-7 



Columns 3 R. | 

Length x 1*85. 

1 

U*0° 

S3 mm. 

■ 

70 mm. | 

I 

130 1 

7*6 

21*5 

35 „ 

*10 „ 1 

S3 1 

11*8 

31 *0 

19 „ 

25 „ [ 

46 j 

21*7 


The relative dissociation is plotted as Curve XV, Plate IV. 


Solutions in Bromoform. 

A. specimen of bromoform “ puriss was shaken with sodium 
hydroxide solution, washed, dried, and distilled. The fraction dis- 
tilling at 147— 149°, was slightly coloured, owing to the decomposi- 


T\B!jK X* — Measurement of Dissociation in Bromoform solution , 3 B, of 
1*82 o.c. or 2*71 grams of Peroxide per 100 c.c. 


Temperature. 

1 

Columns 3 C. 

Columns 3 B. 

Lougth x 1*82. 

Relative 

dissociation. 

14*0° 

53 mm. 

78 mm. 


7*0 

22*1 

34 „ 

4 * „ 


12*5 

32-4 

17 „ 

33 „ 

! 


26*0 


The relative dissociation is plotted as Curve IX, Plato IV. 















804 CUNDALL: THE INFLUENCE OF THE SOLVENT. 

tion which takes place on distillation under atmospheric pressure 
To avoid this difficulty, the liquid, after standing with phosphoric 
anhydride, was distilled under a pressure of 30 mm., when, after the 
first few cubic centimetres, it came over quite clear and colourless 
Solution 3 B* was made np from it of 1*82 c.c., or 271 grams in 
100 c.c. It was compared with 3 0. 

Solutions in Ethylic Bromide . 

Ethylxc bromide, prepared by the action of bromine and red 
phosphorus on absolute alcohol, was washed with sodium hydr- 
oxide solution and water, then dried and fractionated. The portion 
boiling at 38 — 39°, was dried with phosphorus pentoxidc and dis- 
tilled ; the fraction boiling from 38*1 to 38*3° being made up into 
solution 2 E of 2*07 c.c., or 3*09 grams per 100 c.c. After com- 
parison, as the colour was not perfect, it was treated with sodium 
hydroxide solution, washed with water, and dried for some weeks 
over phosphoric anhydride. It was then distilled (b. p. 37*8 — 38* l c ) 
and made up into solution 4 E of 1*84 c.c., or 2*74 grams in 100 c.c. 
Both solutions were compared with 3 C. 


Table XI. — Measurement of Dissociation in Ethylic Bromide solutions , 
2 E, of 2*07 c.c. or 3*09 grams of Peroxide per 100 c.c., and 4 E of 
1*84 c.c. 2*74 grams per 100 c.c. 


Temperature. 

Columns 3 C. 

Columns 3 E. 

Length x 2 07. 

Relative 

dissociation. 

12-4° 

58 mm 

58 mm. 

120 

8*3 

19*(5 

80 „ 

41 „ 

85 

11 *8 

31 *3 

19 „ 

21 „ 

43 

28-3 



Columns 4 E. 

Length x 1*84 


• i4-r 

52 mm. 

04 nun. 

99 

10*1 

20-2 

37 „ 

88 „ 

70 

11*3 

30-0 

21 „ 

r-t 

39 

25*(> 


The relative dissociation is plotted as Curve X, Plate IV. 


Holution in Ethylene Bromide. 

“ Pure ” ethylene dibromide was distilled, when, after a very small 
quantity had come over, practically all the rest boiled at 132*7 — 
182*9°. The latter was mixed with phosphoric anhydride, and after 
standing, poured off and distilled into the weighing flask, where it was 
* Solutions 1 and 2 B were lost. 



CUNDALL: THE INFLUENCE OF THE SOLVENT. 80.) 

made up into solution 1 0 of 1*85 c.c., or 2*76 grams in 10O c.c. The 
ethylene bromide is measured at 15°, as it solidifies above 0°, and the 
solution was compared with 3 C. 


Table XII. — Measurement of Dissociation in Ethylene Mromule solu- 
tion 1 0 of 1*85 c.c. or 2*76 grams per 100 cc. 


Temperature. 

Columns 3 C. 

Columns 1 O. 

Length x 1 85. 

Relative 

dissociation. 

13*5° 

54 mm. 

62 nun. 

114 

8-8 

222 

33 „ 


75 

13 *3 

31-6 

19 „ 

25 „ 

46 

21*7 


The relative dissociation is plotted as Curve XI, Plate IV. It 
will be noticed that this curve cuts the others, a thing which happens 
in no other case. The difference is probably due to slow decom- 
position, which, if eliminated, would probably give the curve more 
the position of the dotted one. None of the compounds containing 
bromine were entirely satisfactory, except perhaps monobromo- 
benzene, as the solutions did not keep well, even after repeated 
purification. 

Solutions in Silicon Tetrachloride. 

A perfectly dear and colourless specimen of silicon tetrachloride 
(specially prepared for me by Messrs. Harrington Brothers), was 
made up into solution 1 L of 1*85 c.c., or 2*75 grams of peroxide in 
100 c.c. of solution. It was compared with 3 C. 

It is unfortunate that this solvent is somewhat troublesome to 
work with, for, in addition to the fact that the solutions keep for an 
unlimited period quite unchanged, it is probable that nitrogen 
peroxide is more dissociated in them than in those of any other 
solvent yet examined. 


Table XIII. — Measurement of Dissociation ini Silicon Tetrachloride 
solution , 1 D, of 1*85 c.c . or 2*70 grams of JPeroride per 100 c.c. 


Temperature. 

Colmnns 3 C. 

Columns 1 L, 

Length x 1*85 

Relative 

dissociation. 

12-3° 

58 nun. 

30 iron. 

56 

18*0 

12 *S 

68 „ 

31 „ 

57 

17*6 

20-0 

38 „ 

21 „ 

38 

25*9 

23*5 

23 „ 

12 „ 

22 

46*3 


The relative dissociation is plotted us Curve XTI, Pluto TV. 
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Solution s in ( f arbon Bisulphide, 

About 800 c.c. of a very pure specimen of carbon bisulphide, 
which did not react with nitrogen peroxide, was shaken with 
mercury for some time, filtered into a dry bottle, and allowed to 
stand over night with phosphoric anhydride ,* it was then poured off 
and distilled from a water bath. It boiled constantly at 43*5° (uncorr.). 
The middle portion of the distillate was collected apart, and with 
it, solution 1 S was prepared of 1*93 c.c., or 2*88 grams of peroxide 
to 100 c.c. of solution. 

When this solution was compared with 1 0, very discordant 
figures were at first obtained, until it was discovered that the 
nitrogen peroxide did not reach its state of equilibrium in carbon 
bisulphide solution when cooled , until some time had elapsed. No 
such lag was observed when the temperature was raised, or in the 
other solvents, although it was carefully looked for. 

In the results recorded, the readings were only taken after the 
solution had stood some time at each temperature. 


Table XIV. — Measurement of Dissociation in Oarbon Bisulphide solu- 
tion^ 1 S? of 1*93 c.c. or 2*88 grams of Peroxide to 100 c.c. 


Temperature. 

Columns 1 C. 

Columns 1 S. 

Length x 1*93. 

Relative 

dissociation. 

3-5“ 

118 *0 mm. 


151 

0*0 

3*9 

113-0 


74 „ 

142 


3-0 

113-0 


71 „ 

135 

7*4 

4*2 

111 0 


71 „ 

135 

7*4 

5*2 

102-0 


61 ,, 

116 

8*6 

3*2 

102*0 

> > 


120 

8*4 

8*3 

78-0 

it 

47 „ 

89 

11*0 

9*5 


t* 

44 » 

84 


9*6 

70-0 


42 „ 

80 

13-0 

10*2 

67-0 


39 „ 

74 

13*0 

10*6 

06 -0 


37 „ 

70 

14*0 

12*0 

59*0 


38 „ 

1 72 

14*0 

15*6 

48*0 

tt 

28 „ 

53 


16*0 

47-0 

tt 

29 „ 

' 55 

18*0 

21*6 

34*5 


23 „ 

1 44 

23*0 

25*2 

28*0 

» 

1« „ 

> 34 


25*4 

27 -S 

ti 

17 „ 

32 

31 *0 

29 *7 

21 *0 

it 

14 „ 

27 

37-0 

30*3 

20*5 

» 

13 „ 

25 


31*1 

19*5 


13 ,, 

25 


33 *4 

19*0 


12 „ 

23 

; 

43*0 


The relative dissociation is plotted as Curve XIII, Plate IV ; 
closely agreeing determinations being marked as one point. 
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Solutions in Acetic acid 

About 750 c.c. of “ glacial ” acetic acid, that had been crystallised 
and separated from the mother liquor repeatedly, was melted and 
distilled. After a small portion had come over, the boiling point 
remained at 117° (uncorr.) until nearly all had distilled, when the 
flame was removed. The middle portion was tested with nitrogen pei - 
oxide, but reacted with it. It was consequently redistilled, but it was 
found to be impossible, by mere fractionation, to get a sufficient 
quantity absolutely free from water. The stock was then shaken 
with a small quantity of phosphoric anhydride, allowed to stand 
over-night, poured off, and distilled. It boiled constantly at 117*5° 
(uncorr.), and was collected apart until it ceased to react with 
nitrogen peroxide. The operation was repeated, and the product 
made up into solution 1 A of 177 c.c., or 2*64 grams of peroxide to 
100 c.c. of solution, the acetic acid being measured at 12’0°. 

A second supply of the solvent wa& prepared in an exactly similar 
manner from a different stock of acetic acid, and with it solution 3 A 
was made of 1*90 c.c., or 2*S3 grams to 100 c.c. 

The solution did not keep well, probably decomposing, — as some 
experiments, in which the purified acetic acid was heated with 
nitrogen peroxide in sealed tabes went to show, — according to the 
equation 2C 8 H 3 OOH + 3NO a = (C*H 3 0) 8 0 + 2HNO* + NO. 

The comparison was made with 1 0, 


Tabu 1 XV . — Measurement of Dissociation in Acetic Acid solution , 1 A , 
of 1*77 c.c. or 2*64 grams , and 2 A of 1*90 c.c. or 2*83 grams of Ter - 
oxide to 100 c.c. 


Temperature. 

Columns 1 C. 

Columns 1 A 

Length x 1*77. 

Relative 

dissociation. 

14* *5 J 

52 min. 

181 xniu 

320 

3*1 

14 *1 

53 „ 


306 

■ BE | 

20*1 

28 „ 

II 

212 

4*7 

25 -tt 

27 „ 


15J 

6*6 

30*0 

20 „ 


103 

9*7 

* 


Columns 3 A. 

Length x 1 90 


9*7° 

69 mm 

250 mm. 

186 

2*1 

14*6 

52 „ 

387 „ 

355 

2*8 

19*4 

39 „ 

135 „ 

257 

3*9 

24*7 

29 „ 

92 „ 

175 

5*7 

29*7 

21 „ 

69 * 

131 

7*6 

34*6 

1« „ 

47 „ 

89 

11*0 

10*2 

C7 „ 

1 

251 „ 

477 

2 1 


The relative dissociation is plotted as Curve XIV, Plate TV. 
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Discussion of Results . 

Owing to several of the dissociation curves falling so close to each 
other, it is impossible to draw them all on one sheet without con- 
fusion, unless the scale is made very largo. In order to remove this 
difficulty and simplify comparison, the dissociation in the various 
solvents at the even temperatures 10°, 20°, and 30° was read off the 
curves, and is stated in Table XVII. 

It will be seen that it varies considerably even in solvents of similar 
composition, increasing with the number of atoms, but not being 
proportional to the molecular weight. Thus additional carbon atoms 
are far less effective than hydrogen atoms, and though bromine is 
more effective than hydrogen it is loss so than chlorine. The varia- 
tion seemed so regular that the values of H, 0, and Cl at 20° were 
calculated from three solvents, and applied to the others containing 
these elements. 

The value for Br cannot be fixed so satisfactorily, as the best 
solvent containing it has only one atom. 

The values for Si and S are unconfirmed, and are found by 
difference. 

The values of H, C, Cl, Br at the other two temperatures are 
found by altering the values at 20° in the same proportion that 
chloroform alters under these conditions. 

The values of tho atoms are* given in Table XVI. 


Table XVI. 


Atom. 

Dissociation power 
at 10°* 

Dissociation power 

at ao". 

Dissociation power 
at 30°. 

H 

bkh 

1 *30 

2-S8 

<5 . 


0*20 

0*37 

<01 


1 *33 

7*0 

Br 


3 *00 

0*5 

Si 

0-70 

8*70 

20*4 

S 

5*<S0 

11*20 

10*0 


The molecular dissociating powers calculated from tho values arc 
stated opposite the observed results in Table XVII. 

Taking the compounds containing hydrogen, carbon, and chlorine 
it will be seen that although there is a wide range in tho number of 
the three kinds of atoms in the different solvents, yet the agreement 
between the calculated aud observed values is fairly close. The dis- 
crepancy is, in fact, within the limit of experimental error, except in 
ithe case of ethylene chloride, where it is so great that I thought it 
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Table XYII. 


Solvent. 

Dissociation at 10°. 

Dissociation at 20°. 

Dissociation at 30°. 


HI 

Obs. 

Calc. 

Obs. 

Calc. 

CHC1* 

7*7 

7*5 

14*5 

14*5 

26*2 

26*5 

ch 2 cL 

6*2 

6*0 

12*0 

11 *5 

22-7 

21*0 

CCli 

9-9 

9*1 

17*5 

17 *3 

30*5 


CH 3 C1 ’CHoCl. . . . 

4-2 

7*4 

8*7 

14*3 

15 *0 

26*1 

CH 3 0HC1 2 

6-9 

7*4 

12 *8 

14-3 

23*2 

26*1 

eX — ~. 

4'6 

4*6 

9*2 

9*0 


16-5 

C 6 H 6 C1 

6*5 

6*2 

12 *0 

12*1 

B ... 


C c H-,Br 

6*7 

6*7 

11 *7 

11*3 

B ' 

20*6 

CHBr 8 

5’0 

6*1 

11*0 

12*3 

By 

22*3 

CjHjBr 

7*0 

3*8 

13 *5 

10 *5 

B .St 

19-1 

CH 3 BrOH 2 Br... 

7-8 

6*4 

12*5 

12*8 

20*3 

23*3 

SiCl 4 

is r 

— 

26*0 

— 

52*0 

— 

C3 2 

is a 

— 

22 6 

— 

38*3 

— 

cySjOOH 

2-3 


4-6 


8*5 

— 


worth while to make a determination of the molecular weight of both 
ethylene and etliylidene chlorides by measuring the depression of the 
freezing point of their acetic acid solutions. The molecular weights 
found were 102 and 103 respectively; the calculated being 99. 

Though the states of aggregation of these compounds may be very 
different in dilute acetic acid solution from what it is when nearly 
pure, yet it seems probable from the facts, that the u dissociating 
power ** of a solvent as not merely additive, but also constitutive. 
The behaviour of acetic acid, in this respect, points to the same con- 
clusion, for otherwise 0 would have a negative value. Solvents con- 
taining bromine, as might be expected from the fact that they are by 
no means unexceptionable in their behaviour towards nitrogen 
peroxide, give results which do not agree so closely with the calcu- 
lated values. 

The varying dissociating power of solvents towards nitrogen 
peroxide resembles the result obtainod by Menschntkin. Indeed, in 
his experiments on the rate of etherification of alcohols (Zeit. physical. 
Ohem 1888, 1, 613), the ratio of the rates in benzene, xylene, and 
hexane is very nearly the same as that of the dissociating powers as 
calculated from my constants (Table XVIII). 

In his further experiments on the interaction of triethylamine and 
ethylic iodide, the results are, however, quite different; in fact, 
increase in complexity, as a rule, diminishes the rate. 

It is, however, obvious that my experiments, as well as Men- 
schutkin’s show that the so-called “indifferent solvent has a 
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Tablk XVIII. 


Solvent, 

Etherification 
rate of isobutjl 
alcohol. 

Etherification 
rate of isopropyl 
alcohol. 

Dissociating 

power. 


mgmm 

! i*oo 

1-0 

f .. .. .... 

Xylene .......... 


1*25 

1*6 

Hexo-iie .......... 

WbM 

! 2*07 

2*2 




specific action on the dissolved substance, possibly similar to that 
which causes the change in the state oi‘ molecular aggregation of 
acetic acid when dissolved in benzene, in ether, and in water. 

In order to test the suggestion, made by Menschutkin, that this 
kind of influence belongs to a low order of chemical action, the follow- 
ing experiments were made. Twenty cubic centimetres of chloroform 
were placed in the receiver of a Beckmann’s freezing-point apparatus, 
along with a bulb containing a weighed quantity of nitrogen per- 
oxide. The temperature was allowed to become steady, and the bulb 
smashed, when a rapid fall of temperature took place. Two deter- 
minations were made : in the 1 st, 0*705 gram of peroxide was mixed 
with 30*6 grams of chloroform, when the temperature fell 0*34° (to 
15*0° 0.) ; and in the second, 0*676 gram added to 30*6 grams 
produced a fall of 0*34° (to 15*7° 0.). Similar measurements were 
then made with carbon totraohlorid<?. In the 1st, 0*668 gram of per- 
oxide was added to 32*6 grams of carbon tetrachloride, and gave a 
fall of 0*60° (to 15*4° C.) ; whilst in the 2nd, 0*652 gram added to 
32*6 grams gave a fall of 0*63° (to 15*7° C.). 

Calculating the moan heat absorbed in the case of the chlorofonn, 
wc have it equal to 30*6 grams X 0*34° x 0*233 (sp. ht. of CHCh) 
+ 0*69 gram x 0*34° x 0*46 (sp. hi. of N 3 O 4 ) + 1 # 8 gram (the 
water* equivalent of apparatus immorsod) x 0*34° = 3*1 cal., and in 
the caso of the carbon tetrachloride equal to 32*6 grams x 0*62° 
x 0*177 (sp. ht. CCU) + 0*66 gram x 0*02° x 0*46 + 1*8 gram 
x 0*62° = 4*8 cal. 

The ratio of the heat absorbed in dissolving nitrogen peroxide in 
chloroform to that in dissolving in carbon tetrachloride is as 3*1 : 4*8 
or as 1*00 : 1*55. 

Now the ratio between the dissociation in these solvents under the 
same conditions is as 1*00 : 1*23, showing that the heat absorbed is 
not proportional to the dissociation measured by the colour. 

This difference at first sight suggests that in addition to the heat 
absorption, some exothermic action has taken place, and has gone 
farther in the caso of chloroform than with carbon tetrachloride ,* 
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fitting in excellently with the idea that a sort of compound is formed 
by the union of nitrogen peroxide and solvent. Now, on calculating 
the heat of dissociation of liquid nitrogen peroxide, the following 
result is obtained. The difference between the dissociation at 15° in 
pure peroxide and a 2*2 per cent, by vol. solution is approximately 
10*0 — 3*3 = 6*7 units of dissociation, and the weight of Na0 4 
decomposed is 6*7 x 0*0468 gram in 100 grams, and 6*7 x 0*0468 
x 0*007 = 0*0024 gram in the weight taken. On solution, 3*1 cal. was 
given out, so if the absorption of heat was due only to dissociation, then 
3*1 -f* 0*0024 = 1300 cal. will be absorbed on 1 gram of the peroxide 
dissociating. Calculating in a similar way for the solutions in carbon 
tetrachloride it is found that 4*8 -f- 0*0030 = 1600 cal. as the heat 
of dissociation for 1 gram. 

Yan’t Hoff ( Etudes , 133 ; cited Nornst’s Tkeor . Gkem ., Eng. Trans ., 
r>59) has calculated the heat of dissociation of gaseous nitrogen per- 
oxide from the specific heats of the gas. Ho finds it to be 136 cal. 
for 1 gram ; an enormously less quantity than that obtained above. 
Though the heat of dissociation may be different in the gaseous state 
from what it is in solution, yet this probably negatives the view that 
any exothermic union takes place between the solvent and dissolved 
substance. 

I am at present engaged in the further examination of the question 
of the heat changes on solution, and have already found that the 
solution of a small quantity of carbon tetrachloride in chloroform is 
the probable cause of a distinct lowering of temperature. 

I have also made some experiments on the dissociation of solutions 
in which the concentration of the nitrogen peroxide is comparable 
with that of the gas, which go to show that the rates of dissociation 
rapidly approximate, but as some time must elapse before I can pay 
mnch attention to the matter, I have ventured to bring forward the 
present communication. 

Edinburgh Academy. 


LXXXIII . — KjeldahVs Method for the Determination of 

Nitrogen * 

By Besrnaro Dyer, D.Sc. 

Kjeldahl’h method for the determination of nitrogen has, in some 
one or other of its modifications, superseded the well-known soda- 
lime process of Yarr entrap and Will in most agricultural labora- 
tories, both in England and on the Continent, and to a very large 
extent in America. For the analysis of feeding stuffs and fertilisers, 
vol. Lxvn. 3 i 
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it has many advantages over the soda-lime process, not being liable 
to the errors arising from variations of temperature in combustion, 
and obviating the necessity for reducing the substance to the fine 
state of division required when that method is used. 

Kjeldahl’s process, as originally devised, had the disadvantage of 
being very slow, but the modification introduced by Gunning has 
not only rendered it speedy, but also increased the accuracy, whilst 
Jodlbauer’s modification has enabled it also to replace the Ruffle 
process for the determination of total nitrogen in fertilisers con- 
taining nitrates as well as organic ammoniacal nitrogen. 

The method, however, has not found its way into the laboratory 
of the organic chemist— at any rate in England — and I determined, 
with the help of one of my assistants, Mr. E. H. Roberts, to try it 
on a number of representative organic compounds of varied con- 
stitution * 

It will be convenient at the outset to describe the particular 
modifications of the process which experience has led me to adopt. 

The original Kjeldahl process consisted in the oxidation of the 
substance by boiling with strong snlphuric acid, completing the 
action by the addition of potassium permanganate (Zeit. Anal . 
Cliem ., 22, 366). The use of potassium permanganate cannot be 
recommended, nnless the quantity used is very moderate ; it has a 
tendency to cause low results, probably by oxidizing the ammonia. 
On the other hand, however, the use of a drop of mercury, or a 
little mercuric oxide (Wilfarfch, Chem. Oentr ., 3, 16, 1?, 113; and 
Arnold be. cib ., 337) is a great advantage, as it greatly expedites 
the oxidation of carbonaceous matter. The greatest advance made 
on the process, however, was the introduction by Gunning (Zeit, 
Anal Chem 28, 188) of the use of potassium sulphate as an addition 
to the sulphuric acid after the action of tho acid on tho material had 
continued tor a slioii time. This reduced tho time of oxidation in 
the case of refractory substances from some hours to about half an 
hour, or even less. Tho effect is to form a stnmg acid solutiou of 
potassium bisulphato, which boils at a considerably higher tem- 
perature than the sulphuric acid, thereby very greatly facilitating 
the oxidation. When the (running modification is employed, the 
use of mercury can be dispensed with ; although a little mercury 
renders the process even still more rapid. This process with the 

* At the time these experiments were undertaken, the author was unaware of 
the work of Dafert {Landmr fh~ Versuehs., 84), and of tho lator work of Arnold 
and Wedermeyer (Zeit. Anal Chepi., 81, 526) in the same direction. On the 
whole, tho experionco of these authors is similar in most directions to that now 
recorded, although the majority of the representative compounds selected for their 
experiments were different from those used by the present author. 
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addition of mercury, which I now describe, I shall refer to as the 
“ Kjeldahl- Gunning- Arnold ” process. 

In the analysis of feeding stuffs or fertilisers (not containing 
nitrates), any qnantity, varying according to circnmstances, from 
0*5 gram to 5 grams, or even more, is introduced into a round- 
bottomed flask of hard Jena glass, and treated with about 20 c.c. 
of strong sulphuric acid, with the addition of a single drop ol 
mercury. The flask is closed with a loosely fitting balloon stopper 
(see Fig.), and heated over a gas flame, gently at first, until the 
initial vigorous action has ceased ; 
the heat is then gradually in- 
creased, so that the liquid boils 
briskly, and in about 15 minutes 
10 grams of potassium sulphate are 
added, and the boiling continued 
until the contents of the flask are 
clear and colourless *, this gene- 
rally occurs within about half an 
hour, or, in the case of very car- 
bonaceous substances, within an 
hour. The sulphuric acid con- 
denses on the internal projection 
of the balloon stopper, and falls 
back, so that there is little loss of acid except as sulphurous acid. 
The contents of the digesting flask are then washed out into a 
spacious distilling flask, also of Jena glass, which is connected by a 
doubly perforated cork with any convenient condensing apparatus; 
the second perforation bearing a tapped funnel through which an 
excess of sodium hydrate solution is added, and also a little sodium 
sulphido to decompose any nitrogen compounds of mercury that may 
be formed; if mercury is not used, the sodium sulphido may of 
course be dispensed with. Some zinc foil is put in the flask to 
prevent bumping, and the products of distillation are collected in a 
measured quantity of standard acid, the ammonia which distils 
over being determined by titration in the usual way. I find it best 
to allow the steam charged with ammonia to pass directly into the 
acid, contained in a flask standing in a tank of running water, using 
as a means of communication between the distilling flask and tlio 
receiving flask a block* tin tube bent in the form of an arch; this 
rises perpendicularly from the cork of the distilling flask to a height 
of 15 or 18 inches before turning over. With the apparatus 
arranged in this way, I find that there is no danger whatever of 
the passing over of soda spray with the steam, and the use of any 
of the various forms of “ spray trap ” is unnecessary. The other end 

3 i 2 
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of the tube is united by a cork to a pear-shapod adapter having a large 
expansion, and terminating in a narrow end which dips into an 
ordinary Erlomoyer flask in which the acid is contained. The pear- 
shaped expansion allows for the variations of pressure during dis- 
tillation, and is sufficient to avoid any regurgitation of the acid into 
the distilling flask. 

There is but little difficulty in obtaining sulphuric acid, sodium 
hydroxide, and sodium sulphide practically free from nitrogen 
compounds, or so free as to introduce practically no error into the 
determination. A blank experiment should, however, always be 
made when new stocks of material are bought, and the result, 
including the slight error caused by the action of steam or standard 
acid on the glass, should not give an error (constant for the par- 
ticular materials in use) amounting to more than the equivalent of 
0*0003 to 0 # 0005 gram of nitrogen, or from 0*2 c.c. to 04 c.c. of 
decinormal sodium hydroxide solution. The smaller margin of 
alkalinity will generally be reached in the distillate, even when 
distilled water is boiled over. In my own laboratory, the error is 
determined as a matter of routine at least once a week, but it is rare 
to find it exceeding the higher limit of 0*0005 gram. 

When nitrates are present in addition to organic or ammoniacal 
nitrogen, Jodlbauer’s modification ( Ghem . Centr ., 3, 17, 433) suffices 
to determine accurately the total nitrogen. This process consists in 
previously adding to the sulphuric acid used for oxidation, eithei 
phenol or, preferably, salicylic acid — generally about 2 grams for a 
determination. While the contents of the flask aio still cold, from 
1 to 2 grams of zinc dust are added (as well as a drop of mercury) 
and allowed to dissolve before the flask is heated. The process is 
then continued exactly as before, when the whole of the nitrogen is 
obtained as ammonia. There is no difficulty whatever in determining 
the nitrogen iu potassium or sodium nitrate in this manner; but T 
lind that when ammonia salts are present ns well as potassium or 
sodium nitrate, tho results are invariably too low, unless the sul- 
phuric acid containing tho salicylic acid is poured quickly into tho 
flask out of a beaker, so that the nitrato shall be completely covered 
by the acid befoio the lapse of an appreciable interval of time ; this 
provents the formation of the lower oxides of nitrogen, and con- 
sequent loss. When even ammonium nitrato is tieated in this way, 
tho whole of the nitrogen is retained in solution. I allude to this 
detail, because I have nowhere seen attention drawn to it, and 
because I thmk there is a probability of large errors occurring in 
the analysis of compound fertilisers, including mixtures of ammonia 
sails and alkali nitrates, if the acid is allowed to flow on to the 
sample from a pipette in the usual way. I have little doubt that 
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the observance of the simple precaution mentioned above will remove 
a difficulty which has hitherto been productive of discrepancies in 
the analysis of such materials. The process, as I have described 
it, may be called the Kj eldahl-Gunning- Arnold- Jodlbauer process. 

The degree of accuracy possessed by these methods will be to 
some extent gathered from the results of their application to the 
various compounds now to be mentioned. It should be said that in 
calculating the percentages of nitrogen the atomic weights used are 
0 = 16; C = 12; N = 14*046; H = 1*0024; S = 32*06. The 
strengths of the standard solutions of acid and of alkali used in 
titrating, were determined by reference to pure ammonium sulphate. 

Kj eldahl- G unn ing-Amo Id Method . 


Compound. 


Formula. 


Percentage 

of 

nitrogen 

calculated. 


Percentage 
of nitrogen 
found. 


Uric acid 

Asparagine 

Caffeine 

Indigotin 

Atropine 

Morphine (anbyd.) .... 
Quinine sulphate (an- 
hydrous) 

Strychnine 

Anilin e 

Sulplianilie acid (para- 
amidobenzenesul- 
phonic acid) 

Diphenylamine 

0-Naphthylamine 

Acetanilide 

Orthobenzoie sulplii- \ 

nide J 

Parasulphamidobenzoic 

acid 


C 5 H 4 N 4 0 3 

C.HsCNHaKCO-NHsXCO-OH) 

C 8 H 10 N 4 O 2 

Ci 6 H 10 N 2 O 2 

C^NOa 

C17H19NO3 

(CaoH^OaJsH^ 

CsiHuN^ 

C 6 H 5 -NH 3 

C 6 H 4 -NH 2 -S 0 3 H 

( 0 6 H 5 ) 2 NH 

c 10 h 7 nh 2 

CfiHs-NlI-CsIIaO... 



G m (HSO^Hjj) *cooh 


33 * 40 
18 ‘71 
28 ‘93 
10 *72 
4 *86 
4*63 
7*53 

8*41 
15 *09 
8*11 


8*31 

9-82 

10*40 

7-67 

0*98 


33-31, 33 *31 
18-69,18-09 
28-94 

10 -57, 10 ‘51 
4-83 

4‘58,4‘G2 

7*54 

8*39,8*42 

14-95,14-95 

8-08,8-09 


8-33,8-33 

9*83,9-84 

10-42 

7*64 

6*97 


Pyridine 

Benzidine (diamido- 
phenyl) 

Aldehyde-ammonia . . . . 
Nitrosodimetliylaniline 
Potassium cyanide 


C 5 H b N 

Ci 2 Ii 8 (NH3) 2 


CH 3 -CII(OH)-N3a[ 2 

°® H ‘<N(0Ha)* } 

KON 


17*77 17*45,17*48 

15*26 15*24 


23-00 
18*71 { 
21*55 L 


23*03,23-12 

18*52,18*74, 

18*59 

21*27,21-27 


v he cyanide (propio- 

nitrile) (? pure) 
Potassium fcrrocyanid e 
Potassium f erricyanide# 


CA-CN... 

K 3 ^FeC B 2£) 


25*51 

19-93 

25-56 


25*13,25*21 

19*91,20*00 

24*84,24-81, 


24-93 


* Addition of zinc dust gave nitrogen, 25 ‘26 ; addition of sodium thiosulphate 
gave nitrogen, 25 *41, 25 *42, 25 *39, 25 *49. 
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KjeldahL Gunning- Arnold- Jodlbauer Method. 


Compound. 

Formula. 

Percentage 

of 

nitrogen 

calculated. 

Percentage of 
nitrogen found. 

Potassium nitrate 

Ammonium nitrate 

Urea nitrate 

Nitrobenzene* 

a-Nitronaphthalene 

m -N it ranilin ef 

Dinitrobenzene 

Picric acid (trinitro- \ 

phenol)! J 

Potassium parabromo- 1 
chloronitrophenol§ . . J 

kno 3 

nh 4 *no 3 

C0(NH 2 ) 2 ,HN0 3 .... 

c 6 h s -no 2 

C l0 H 7 .NO 2 

O 0 H 4 (NO 2 )-NH 2 ....! 
C 6 H 4 (N0 2 ) 2 

C 6 H 2 (N0 2 ) a -0H 

C 0 II 2 ClBr(NO 2 )-OE:. 

13 *88 
36*07 
34*21 

11 *41 
8*12 
20*34 

16 *71 

38*39 

4*83 

13*81, 13*93, 13*90 
35*08, 35*07, 35*13 
34*14, 34*14 

11*38, 11*35 

8*15, 8*15 
20*21,20*24,20*21 
16*54, 16*51 

18*39, 18*39, 18*35 

4*85 


LXXXIV . — The Colouring and other Principles con- 
tained in Chay Root . Part II. 

By A. Gr. Perkin and J. J. Hommel. 

The results of a previous investigation of this dyo stuff (Trans., 1898, 
63, 1160) showed that its tinctorial properties were duo to the fact 
that it contained both alizarin and its glucoside, ruberythric acid, 
and that in this and other respects it bore a somewhat close resem- 
blance to madder. Special interest, however, lay in the fact that it 
contained over 1 per cent, of a mixture of yellow substances soluble* 
in baryta water, which is a large quantity compared with the amounts 
of similar products known to exist in madder, mang-koudu {Morinda 
umbellata , Trans., 1894, 66, 851), and other allied roots. 

The isolation of the principal constituents of chay root was 
offocted by four methods, namely, extraction with alcohol, alum 
solution, dilute sulphurous acid, and lime water. The product thus 
obtainod consisted of cane sugar, chlororubin, ruberythric acid, 
alizarin, two dimethylio ethei’S of antliragallol, an alizarin methyl 

* Nitrobonzouo treated with sulphuric acid, and reduced with zinc dust (without 
salicylic acid) gave, in two experiments, N 11*09 and 11*38. When salicylic add 
also was used, as in the full Jodlbauer method, the more concordant and accurate 
results above given were obtained. 

t Zinc reduction only, without the uso of salicylic add, gave nitrogen only 
20*06, 20*12, and 20*18. 

J Zino reduction only, without salicylic acid, gave nitrogen only, 16*27 and 16*27. 
The substitution of sugar for salicylic add gave 17*93 and 17*93— *a fact interesting 
in tbo light of some subsequent results. 

§ Zinc reduction only, without salicylic add, gave also nitrogen, 4*86. 
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other, and metahydrox janthraq uinone. In addition to these, there 
were indications of tho presence of at least two other substances, but 
m quantity too small to admit of their identification, and it seemed 
evident that this could only be accomplished by the examination of a 
very large quantity of raw material. 

Application was therefore made to the Imperial Institute, and our 
thanks are due to the authorities of this Institution, who very readily 
supplied ns with 2 cwts. of the root for further examination. Tho 
results now obtained, whilst corroborating those of the lormer com- 
munication, have shown the existence in this dyo stuff of two now 
substances which have been examined and identified. The details 
of their isolation are given in the experimental portion of this paper. 

Substance of the formula CwHioOi. — This was obtained as long, 
orange-yellow needles, melting at 232° ; it sublimes partially at higher 
temperatures. A characteristic property of this substance, when com- 
pared with those accompanying it in chay root, is that its potassium 
and ammonium derivatives are readily soluble in ethylic or mothylic 
alcohols, but insoluble in cold isohntylic alcohol. They crystallise in 
fine, garnet-red needles, the ammonium derivative being decomposed 
on exposure to air with evolution of ammonia. By its reaction with 
zinc dust in alkaline solution, it appeared to be an anthraquinone or 
allied compound. When heated with hydrochloric acid at 180°, it 
yielded a yellow, crystalline colouring matter of the formula C n H B 0 4 , 
dissolving in alkalis with a blno-green coloration, and yielding a 
diacetyl derivative, C 14 H b Oi(C 2 HjO) 3 , which melted at 206°. This 
substance was found to he identical with tho luj&tazarin of Liebcrmann 
and Schoeller (Her., 1888, 21, 2501), 

053 =- 

which is obtained, together with alizarin, by tbe action of phthalic 
anhydride on catechol in the presence of sulphuric acid. Its di- 
methylic ether has recently been obtained by heating 3 : 4-dimethoxy- 
orthobenzoylbenzoic acid with sulphuric acid (Lagodzinski, Ber, f 
1895, 28 , 116). The first-mentioned authors state that, when heated, 
hystazarin darkens at 260° without melting. A effect was 

certainly observed at this temperature, but this was evidently due to 
the action of the alkali of the glass on a trace of sublimed substance 
surrounding the product, for, on heating to 316°, it was still unmelted, 
and on inverting the tube the original product can be recovered with 
its yellow colour unchanged. Examination by Zeisel’s method showed 
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that the substance Ci 5 H 10 O 4 contains one mefchoxy-group, and is 
therefore hystazarin monomethyl ether . 

Substance of the formula CieH^Oe (C). — This crystallises from alcohol 
in felted masses of minute needles, melting at 212 — 213° and soluble 
in dilute alkalis and ammonia with a crimson colour. Its ammonium 
derivative is readily solnble in alcohol and in isobutylic alcohol, a 
point which distinguishes it from the anthragallol dimethyl ether (A) 
melting at 209° and the alizarin methyl ether which accompany it. 
Like the former, however, its barium derivative is insoluble in dilute 
alcohol, and the lead compound is insoluble in cold alcohol. It does not 
dye mordanted calico. When treated with zinc dust, its alkaline solu- 
tions become orange, but on exposure to air they regain their original 
colour, from which it would seem to be an anthraquinone or allied 
derivative. When heated with sulphuric or hydrochloric acid at 180°, 
it is converted into anthragallol, and by ZeiseTs method it was found 
to contain two mothoxy-groups. Its acetyl derivative was obtained 
in orange-yellow needles melting at 160°, but the quantity was insuffi- 
cient for analysis. The substance C 16 Hi20 5 (G) is therefore an 
anthragallol dimethyl eth&i\ and chay root is thus shown to contain 
the three possible isomers — 


Anthragallol dimethyl ether (A) M. p. 209° 

„ „ (B) 225-227° 

„ ( 0 ) „ 212 ° 

Acetyl compound M. p. 213 — 215° 

„ „ „ 175 ° 


Since the publication of our former communication (loc. cit), 
Schunck and Marchlewski (Trans., 1894, 65, 182) have studied tho 
methylation of alizarin, and, as has been shown to be the case with 
the xanthonos, found that it was not possibl o to obtain an alizarin 
monomethyl ether containing the mefchoxy-group in the a-position, 
whereas the ^-compound was readily formed ; the latter was not, 
however, identical with that shown to exist in chay root (loc. cit.), 
which must, therefore, be the a-compound. 


CO OCH* 



The readiness with which this substance is decomposed into alizarin, 
even by boiling with baryta water, shows that, contrary to the usual 
nature of these compounds, the methoxy -group in this instance is 
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readily decomposed, and this accounts for its not being produced by 
the usual methods. 

During this investigation, metahydroxyanthraquinone was obtained 
in larger amount than could be accounted for on the supposition that 
it had been produced during the decomposition of the ruberythric 
acid by the boiling lime water, a point previously discussed, and it 
must therefore be considered to exist as such in the root. 

It is probablo that those substances which are extracted by means 
of dilute sulphurous acid are present in the form of glucosides, 
though it has already been shown that these also exist to some extent 
in the free state. On the other hand, those which are only obtained 
by means of lime water, namely, metahydroxyanthraquinone and 
hystazarin monomethyl ether, are present in the free state only in the 
root* 


Experimental Part. 

The extraction of the root was effected as before by means of dilute 
sulphurous acid and lime water. In consequence of the difficulty of 
manipulating such large quantities of raw material, this portion of 
the work was kindly undertaken for ns by Messrs. Hirst, Brooke, 
and Hirst, of Leeds, to whom our best thanks are due. Prom the 
green alizarin 99 thns obtained, the mixed yellow substances were 
isolated in the laboratory in the usual manner by extraction with 
tolnene. 


Extraction of Ohay Boot with Lime Water . 

The finely-ground, crude product thus obtained was digested as 
usual for several hours with boiling toluene and filtered. On standing, 
the filtrate deposited an orange-yellow substance, which was collected 
apart, a point which was not previously taken advantage of, hut 
which has now been found to be of material advantage in separating 
the mixed substances. This substance was found to consist entirely 
of metahydroxyanthraquinone and anthragallol dimethyl ether (B), 
m. p. 225 — 227°, which could be readily separated, owing to the fact 
that the formor alone yields an ammonium derivative, sparingly 
soluble in alcohol. In this maimer, about 95 per cent, of the meta- 
hydroxyanthraquinone contained in the lime water extract can be 
removed from the mixture, 'owing to its sparing solubility in toluene. 
A. considerable quantity was thus obtained. 

The tolnene mother liquors were extracted with dilute alkali, the 
alkaline solution neutralised with acid, and the yellow precipitate 
collected, washed, and dried. The product was dissolved in boiling 
alcohol, and, after cooling the crystalline matter which had deposited, 
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was washed with alcohol and dried. It consisted of two substances, 
which could be readily separated, owing to the fact that when theij 
solution in hot isobutylic alcohol is treated with ammonia only one 
is precipitai ed on cooling in the form of an ammonium derivative; 
this was collected, washed with isobutylic alcohol, decomposed with 
acid, and puiified by crystallisation from alcohol. 

0*1325 gave 0*3452 00 s and 0-0468 H 2 0. 0 = 71*05 ; H = 3*91. 

C X 5 Hio 04 requires 0 = 70*86 ; H = 3*93 per cent. 

It appears as a glistening mass of long, orange-yellow needles, 
sparingly soluble in alcohol ; it melts at 232° and sublimes at higher 
temperatures, undergoing partial decomposition. Dilute alkalis 
dissolve it, forming crimson coloured solutions, which, when boiled 
with zinc dust, become brown-orange, regaining their original tint 
on exposure to air. Like the ammonium derivative, the potassium 
compound is readily obtained in a crystalline condition by adding 
alcoholic potash to a solution of the substance in isobutylic alcohol. 
Both appear as minute, garnet-coloured needles, the former, on 
exposure to air, being decomposed with evolution of ammonia. The 
ammonium derivative is readily soluble in ordinary alcohol, a pro- 
perty which distinguishes the substance C 16 Hio0 4 from anthragallol 
dimethyl ether (A), melting at 209°, and from alizarin methyl ether. 
It does not dye with mordants. 

Action of Hydrochloric and Sul/plvuric acids . — As the substance was 
suspected to contain a methoxy-group, it was heated with fuming 
hydrochloric acid in a sealed tube at 180° for two hours. After 
cooling, the tube was fouud to contain very minute needles, consider- 
ably smaller than those of the original substance, and moreover of a 
decided yellow colour, which distinguished them from those of 
alizarin or anthragallol, for these, when prodneed by tho decompo- 
sition of their methylic ethers in this same way, have always a 
rod-orange tint. The substance was collected and purified by 
crystallisation from nitrobenzene. 

0*1072 gave 0*2749 CO a and 0*0350 H a O, 0 = 69*93 ; H = 3*62. 

CuHgO* requires 0 s= 70 ; H s= 3*33 per cent. 

This substance formed a pale yellow mass of minute needlos which 
did not melt bolow 316°, but when strongly heated, yielded a sub- 
limate, leaving a carbonaceous rosidae. Dilute alkalis dissolved it 
with a blue-greon coloration, and these solutions when treated with 
lime or baryta water, yielded violet, insoluble precipitates. It dyes 
mordanted calico with difficulty, giving pale shades similar to but 
somewhat redder than those obtained with anthragallol. In order 
to convert it into its acetyl derivative, it was boiled with acetic 
anhydride for three hours. Tho solution obtained was treated with 
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a little alcohol, and tlio crystalline mass deposited on cooling, 
collected and purified by crystallisation from alcohol. On analysis 
the following numbers were obtained. 

0*1154 gave 0*2827 CO a and 6*0112 H a O. 0 - 60*81 ; H = 3*96. 

Ci4H 6 O 4 (0 a H a 0) a requires 0 = 66*66 ; H = 3*70. 

It was, therefore, a diacetyl derivative. Thus obtained it forms 
almost colourless needles, molting at 20G°, insoluble in cold dilute 
alkalis. 

The formula and reactions of this substance indicated that it was 
a hydroxyanthraquinone, and, since it was a dyestuff, that the two 
hydroxyls it contained were in the ortho-position relatively to one 
another. It was evidently neither alizarin nor quinizarin, but its pro- 
perties agreed somewhat closely with those given for hystazarin , 


00 



Liebermann and Schocller (Zoc. cih). Since, however, there appeared 
to be some slight points of difference between this substance and 
the one described by these authors, a specimen of hystazarin was 
prepared from catechol and phtbalic anhydride by the method 
given by them. As a result it was found to be identical with 
the substance Ci4H 8 0 4 in every respect; this fact is of interest, as 
hystazarin or its compounds have not hitherto been known to exist 
in plants. In order to determine the methoxy-group evidently 
present in the substance C 16 Hi 0 O 4 , it was examined by Zeisol’s 
method. 

0*1310 gave 0*1130 Agl. Found OH.* = 5*50 por cont. 

CiiHfOaCOOHs) requires CH* = 5*90 por cent. 

Tho substance O15H10O4 is therefore hystazarin moitomethyl ether. 

The ammoniacal isobutylic acid mother liquors from which the 
ammonium salt of hystazarin methyl other had been deposited, wore 
poured into water, neutralised with acid, and the alcohol hoiled off. 
A lemon-yellow mass was thus obtained, which, after crystallisation 
from alcohol, was found to consist entirely of the anthragallol 
dimethyl other (J5), melting at 225 — 227°. 

The alcoholic mother liquors (p. 820) obtained during the 
isolation of the two preceding snbstances were treated with water, 
and the small quantity of yellow precipitate thus obtained was 
collected, washed, and dried. A sample heated with snlphnric acid 
to 180° yielded no colouring matter, and it was therefore free from the 
substances described above. By crystallisation from cumene, a yellow 
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glistening mass of fine needles was obtained, which melted at about 
270°, but not sharply, and even when further purified the product 
was not satisfactory in this respect. Analysis gavo 0 = 74 16 , 
H = 3’6 per cent., and since by fusion with alkali, a violet-coloured 
derivative was obtained, it appeared to be most probably meta- 
hydroxyantbraquinone contaminated with a trace of some other 
substance. What this foreign substance is, it was impossible to say. 
To determine the point, more of the substance would be required, 
and to obtain this it would be necessary to work with enormous 
quantities of raw material. On this account the labour involved 
would be too great to warrant its investigation. 


'Extraction by meant, of Aqueous Sulphurous Acid . 

As previously shown, the mixed yellow substances obtained by 
extraction with sulphurous acid consisted of two anthragallol 
dimethyl ethers (A and B ), melting at 209° and 226 — 227° respec- 
tively — alizarin a- monomethyl ether, and the so-called resinous 
substance. The latter could be isolated by the method previously 
given, but having gained a better knowledge of the characteristic 
reactions of each constituent, a much more rapid method was now 
adopted for their separation. 

The yellow mass was dissolved in boiling isobutylic alcohol, the 
hot solution carefully neutralised with ammonia, and the blood-red 
liquid thus obtained was allowed to stand some hours. The 
ammonium doxivative which crystallised out, contained the whole of 
the anthragallol dimethyl ether (A, m. p. 209°), and the alizarin 
monomethyl ether, and this was collected, washed with a little of the 
alcohol, and strongly pressed ; it was then treated with acid and the 
regenerated ethers separated by taking advantage of the well- 
marked difference of their solubilities in alcohol. 

The ammoniacal filtrate, after neutralising with acid, was poured into 
water and the isobutylic acid boiled off ; the yellow liquid, contain- 
inga somewhat resinous precipitate in suspension, was then rendered 
alkaline with ammonia, diluted with half its volume of methylated 
spirit, and treated with excess of baryta water. On cooling, the 
barium derivative of the so-called resinous substance separated, and 
was collected and washed with dilute alcohol. By neutralising the 
filtrate with acid, a crystalline, yellow precipitate was formed which 
consisted of almost chemically pure anthragallol dimethyl ether 
(B, m. p. 225—227°). 

The barium precipitate suspended in water was neutralised with 
acid and the product collected, washed, and dried. It was then 
purified by dissolving it in alcohol, and adding a solution of lead 
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acetate, washing the precipitate with alcohol, and decomposing it 
with acetic acid. On crystallising it from hot alcohol, the product 
contained a trace of gelatinous substance, but this was removed by 
extraction with small quantities of hot methylic alcohol, and the 
residue was then crystallisod from alcohol with the aid of animal 
charcoal. On analysis it gave the following numbers. 

0-1210 gave 0*3003 CO; and 0*0443 H 2 0. 0 = 67*68; H s 4*06. 

C 16 H 12 0 5 requires 0 = 67*00 ; H = 4*22 per cent. 

Thus obtained it consisted of a felted mass of minute orange-yellow 
needles, melting at 212 — 213°, and yielding at higher temperatures u 
sublimate of leaflets. It is readily soluble in alcohol and in acetic 
acid, sparingly in chloroform; it usually separates from the latter 
in nodules. Solutions of the alkalis and ammonia dissolve it with a 
blood-red coloration, but owing to their great solubility, these deri- 
vatives were not obtained in a crystalline condition. The barium 
and lead compounds, as shown above, were useful in the process of 
purification; the former is obtained as an amorphous red-violet 
powder, soluble in water, but insoluble in dilute alcohol ; the latter 
as a scarlet precipitate insoluble in cold alcohol and readily decom- 
posed by acetic acid. The red alkaline solutions, when boiled with 
zinc dust, give the usual reaction of an anthraquinone or allied com- 
pound, for they become orange, bub regain their original colour on 
exposure to air. 

The acetyl derivative of the substance C^H^Os was prepared by 
boiling it with acetic anhydride for throe hours, and then adding a 
little alcohol. On cooling, a crystalline mass was obtained, which, 
after purification, appeared as orange-coloured leaflets, insoluble in 
cold alkalis, and melting at 160°. Owing to the small quantity 
obtained, it could not be analysed, but other results given below 
show it to be a mcm acetyl derivative. Since there was Reason to 
suspect that the substance CulliA contained a methoxy-group, it 
was suspended in a little acetic acid and heated in a soalotl tube at 
180° for one hour with hydrochloric acid. There was thus obtained 
a glistening mass of red needles, which were collected, ’washed, dried, 
and purified by crystallisation from nitrobenzene with the aid of 
animal charcoal. On analysis, the following numbers wore obtained. 

0*0518 gave 0*1245 OO a and 0*0170 HA 0 = 65*54; H = 3*64. 

0„HA requires 0 = 65*62 ; H = 3*13 per cent. 

It dissolved in solutions of the alkali hydrates with a green 
coloration, and had the reactions of anthragallol ; its identity with 
the latter was proved by the melting point of its acetyl derivative, 
181 — 182°. To determine the methoxy-gronps contained in the 
substance, it was examined by Zeisel’s method. 
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0*1071 gave 0*1652 Agl. CH 3 = 9*85 per cent. 

Ci 4 R 6 O fi (OCHj) 3 requires CHj = 10*56 per cent. 

This shows, therefore, that it is a dimethyl ether of anthragallol. It 


Lime Water Extract of Ghay Boot. 

Product extracted by boiling toluene, 
and the extract cooled and filtered. 


Crystalline mass 
dissolved in alcohol, 
treated with ammonia, 
and filtered. 




Residue consists 
of ammonia salt of 
t-hydroxyantliraquinone. 


The toluene filtrate 
extracted with dilute NaOH, 
the alkaline extract 
neutralised, and the 
resulting yellow 
precipitate colloeted, 
and crystallised from alcohol. 


The filtrate 
contains 
anlhragallol 
dimothylether (B). 
m. p. 225—227°. 


Crystalline product 
dissolved in isobutyl 
alcohol, the solution 
boiled, treated with 
ammonia, filtered and cooled. 


Residue consists of 
ammonia salt of 
Hystazarin monomethyl other. 


Filtrate contains 
«i»-1ij droxyanthra- 
quinone and a 
trace of an unknown 
substance. 


Filtrate oontains 
anthragallol dimethyl 
ether (B), m. p. 225 — 227°. 


Sulphurous acid Extract 

The mixed yellow substances were dissolved in 
isobutyl alcohol, the boiling solution treated 
with ammonia, cooled and filtered. 

” 1 , 


Filtrate treated with water, 
neutralised, and the isobutyl 
alcohol boiled off. The 


The mixed ammonium 
sales, decomposed with 
acid and the product 
crystallised from alcohol. 

Sparingly soluble, 

Anthragallol dimolhvl 
ether (A) m. p. 209°. 

Readily soluble. 
Alizarin a-mono- 
methyl ether. 


product was neutralised 
with ammonia, diluted 
one-third its bulk with 
alcohol, treated with 
Ba(0U) 3 and filtered. 

pp, consists oJ barium 
salt of anthragallol 
dimethyl other (C), 
m. p. 212—2X3°. 

Filtrate neutralised 
yields pp. of anthragallol 
dimethyl ether (B), 
m. p. 225-227°. 
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is interesting to find that the three possible substances of this com- 
position exist in chay root. Apart from their melting points and 
those of their acetyl derivatives, their characteristic distinctions are, 
that whereas (A) and ( C ) form barium derivatives insoluble in dilute 
alcohol and lead salts, insoluble in cold alcohol, (A) alone yields an 
ammonium derivative, insoluble in cold isobutylic alcohol. The 
analogous salts of (B), on the other hand, are readily soluble in these 
liquids. 

The methods employed for the separation of the yellow substances 
in chay root, soluble in baryta water, being somewhat intricate, the 
tables on p. 825 are appended with a view to explain the course 
pursued more clearly. 

Olothworker w* Research Laboratory , 

Dyeing Department, 

Yorkshire Gollege. 


LXXXV . — A Modification of ZincJce’s Reaction . 

By Henry R. Hirst and Julius B. Cohen, Ph.D., Yorkshire College. 

In 1889, Cohen and Orraandy showed that aluminium coated with a 
layer of mercury, prepared by dipping the foil into mercuric chloride 
solution, formed a couple capable of decomposing water (Brit. Ass 
Report , 1889, 550). This couple was applied to the preparation of 
pure hydrogen as well as to the estimation of nitrates and nitrites in 
water analysis (Trans., 1890, 57, 811). In 1871, Zinckc found that 
if zinc dust is added to a mixture of benzylic chloride and certain 
aromatic hydrocarbons, and tho mixture heatod, hydrochloric acid is 
evolved, and the benzyl group displaces the hydrogen in tho nucleus 
of the aromatic hydrocarbon according to the following equation, 
taking as an example benzylic chloride and benzene. 

C*H 6 -CH*C1 + C*H* a CcH 6 -CH*-C 6 H 6 + HOI. 

It was found that a similar action occurred if the aluminium 
couple was employed in place of zinc dust.* As in this case the com- 
binaiion proceeds at the ordinary temperature with only a minute 
quantity of tho couple, we thought that a further study of this 
obscure action might offer some interest. The product obtained is 
not, as in JFriedel and Craft’s reaction, a compound of the hydro- 

* Radziewanowski (Ber., 1895, 28, 1135) has shown that a similar reaction is 
produced by iho use of metallic aluminium and gaseous hydrogen chloride or by a 
mixture of metallic aluminium and solid mercuric chloride. 
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carbon with aluminium chloride, which is subsequently decomposed 
by water ; but in all cases the new hydrocarbon itself is formed, and 
only small quantities of tarry snbstances decomposible by water. 
In this manner, diphenylmethane, phenyltolylmethane, and phenyl - 
xylylmethane have been prepared. 

Diphenylmethane. — Sixty-five c.c. of benzene were placed in a flask 
attached to a reflux condenser, together with a few pieces of the 
couple weighing about 0*5 gram. The couple was prepared by shaking 
up aluminium foil with a saturated solution of mercuric chloride 
for a minute or two. The liquid was then poured off, the couple 
washed successively with water, alcohol, ether, and benzene, with as 
little exposure to the air as possible, and 30 grams of benzylic chloride 
were slowly added during an hour. On first adding the benzylic 
chloride, an orange deposit appeared on the bright surface of the 
foil and gradually covered it ; a brisk effervescence, accompanied by 
considerable rise of temperature, occurred simultaneously, fumes 
of hydrogen chloride were copiously evolved, and the liquid gradually 
assumed a brown tint; when all the benzylic chloride had been 
added, the flask was heated for a short time on the water bath. The 
liquid, which now consisted of two layers, a tarry mass covering the 
bottom of the flask and an upper layer of brown, floceulent appear- 
ance, consisting mainly of benzene and dissolved hydrocarbon, was 
shaken up with water containing a little caustic soda, and the 
benzene separated, the aqueous portion being repeatedly extracted 
with benzene. The benzene solution was dehydrated over calcium 
chloride, the benzene distilled off, and the residue fractionated under 
diminished pressure (80 mm.). The following fractions were ob- 
tained. 

1. Below 170° r0 gram. 

2. 174—176° 14*45 grams. 

3. 178—200 2-35 „ 

4. Residue 9*3 „ 

fraction 2 solidified completely on cooling, and proved to be pure 
diphenylmethane, m. p. 25 — 26°. 

0*1710 gave 0*5825 00* and 0*11375 of H*0. 0 = 92*90 ; H = 7*38. 

CiaH ia requires 0 = 92 85 ; H = 7*14 per cent. 

Fractions 3 and 4 were viscid liquids which did not crystallise, and 
they were not further investigated. 

In order to arrive at a more definite idea of the course of the 
action, the hydrogen chloride which was evolved was estimated by 
aspirating it through a standard solution of caustic sod a. The appa- 
ratus consisted of a flask, to which was attached an apparatus for 
drying the aspirated air, .a tap funnel for introducing benzylic 

VOL. lxvh. 3 k 
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chloride gradually, and a reflux condenser, and to the end of the 
reflux condenser were fitted two vessels containing caustic soda 
solution. The benzene and the aluminium couple wore placed in the 
flask, and the benzylic chloride diluted with benzene was added 
in successive poi*tions, air being slowly aspirated through the appa- 
ratus all the time. After 3 — 4 hours, a second piece of aluminium 
was added, but no further action was apparent, and the flask was 
then heated on the water bath at intervals, the operation lasting 
about 24 hours in all. 

On removing the flask and pouring off the benzene from the tarry 
matter, we noticed in one experiment that, after a short exposure to 
the air, fumes of hydrogen chloride were evolved ; this is no doubt 
due to decomposition of the tarry substance by the moisture in the 
air, as it is immediately decomposed on the addition of water, yield- 
ing a brown oil and hydrochloric acid, which remains dissolved in the 
water. The following are the results obtained. 

I. 19*5 grams of benzene, 10*3 grams of benzylic chloride, and 
0*06 gram of aluminium couple gave HCl = 2*52 grams. 
Theoretical, 2*98. 

II. 20 grams of benzene, 10*21 grams of benzylic chloride, and 
0*06 gram of aluminium couple gave HCl = 2*61 grams 
Theoretical, 2*95. 

About 86 per cent, therefore of the hydrochloric acid is evolved 
during the action, the remainder being contained in the portion 
insoluble in benzene. 

Pkenyltol ijlmeth ane. — The above process was carried out in pre- 
cisely the same manner with toluene in place of benzene. From 

10 grams of benzylic chloride 5*78 grams of an uncrystallisable oil 
were obtained, boiling at 270 — 283°. On further fractionation, about 
one-half boiled at 278 — 280°, and gave the following results on 
analysis. 

0*1205 gave 0*4080 CO* and 0*0857 H*0. 0 = 92*4; H = 7*9. 
0*1830 „ 0*6118 C0 9 „ 0*1315 H a O. C = 92*3; H = 7*9. 

ChHu requires C = 92*3 ; H = 7*7 per cent. 

About 0*5 gram of a solid substance separated out from tho original 

011 on cooling; when pure, it crystallises in greenish plates with a 
silvery lustre, and melts at 230 — 231°. With picric acid in acetic acid 
solution, a deep crimson coloration is produced, a reaction which is 
characteristic of anthracene and many of its hydrocarbon derivatives. 
The quantity was too small to admit of further investigation. 

Plienylxylylmethane . — Commercial metaxylene was carefully de- 
hydrated and fractionated, and a portion boiling within 1J° wav 
employed. In this case, a greater variety of products was obtained 
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than in the two previous examples ; this may be, in part, duo to the 
fact that the xylene was not chemically pure. The larger portion of 
the product boiled at 287 — 296°. The fraction boiling at 289 — 291° 
gave on analysis the following results. 

0-1600 gave 0*5373 CO a and 0*1235 H 2 0. 0 = 91*5 ; H = 8'5. 
0*2444 „ 0 8225 C0 2 „ 0*1900 H 2 0. C = 91*7 ; H = 8*6. 

CifiHu requires 0 91*8 ; H = 8*2 per cent. 

Some experiments by Mr. Gr. Hefford may be briefly mentioned 
here, as he is unable to continue them. 

The aluminium couple brings about a reaction between chloroform 
and benzene in presence of gaseous hydrogen chloride with the 
formation of diphenylmethane and a small quantity of phenylanthra* 
cone, melting at 157°, but no triphenylm ethane. 

Under similar conditions, benzene combines with benzylidene 
chloride with the formation of diphenylmethane along with other 
hydrocarbons. The action in these cases is very involved, and a 
number of products are formed. 


LXXXVI . — A Method for Preparing the Formyl 
Derivatives of the Aromatic Amines . 

By Henry R,. Hirst and Julius B. Cohen, Ph.D., Yorkshire College. 

In studying the constitution of the acid amides, it was thought 
possible that formamide might react like an aldehyde, combining 
with phenylhydrazine to form a hydrazone oE the formula 

C 6 H fi ]SrH*N:CH-]SrH a . 

On mixing formamide and phenylhydrazine in molecular proportion 
dissolved in glacial acetic acid and allowing the mixture to remain in 
the cold, crystals soon began to be deposited, and in a few hours 
formed a nearly solid mass. 

Tho substance proved to be formylplionylhydrazine,* the action 
being as follows. 

CeMH-NH* + H-CONH* + CH/COOH = C 6 H 6 *NH^H-COH 

+ CH/COO-NH* 

As the yield in this case amounted to 82 per cent, of the theore- 
tical, we thought that the reaction, if generally applicable, might 
furnish an easy method for preparing formyl derivatives of the 
amines. This has so far proved to be the case with all the primary 

♦ Compare Just (J Ber., 1886, 19, 1201), who prepired this compound by heating 
phenylhydrazine with formamide at 130 s . 

3x2 
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aromatic amines experimented on, the action taking place in the cold. 
The secondary aromatic aminos containing an alkyl radicle only 
react on heating, whilst diphenylamine does not combine oven on 
continued boiling. The formyl derivatives of the following bases 
have been prepared. Aniline, ortho, and para-toluidino, and 
jS-naphthylamine, phenylhydrazine, orfchotolylhydrazine, mothylani- 
line, ethylaniline, paraphenylenediamine, and benzidine. 

The yield in all cases was very satisfactory, so that only a few 
grams of the base are required for the experiment. The product, 
after one recrystallisation, was usually quite pare. 

Formanilide. — Four grams of aniline and 2 grams of formamide 
dissolved in 4*8 grams of glacial acetic acid gave 3*2 grams of pure 
formanilide, m. p. 45 — 47°. 

0*2079 gave 21*4 c.c. moist nitrogen at 14° and 746 mm. If =? 11*9. 
C 7 H 7 NO requires 3T = 11*6 per cent. 
Formylorthotolmde , obtained as above, melted at 57 — 59°. 

0*2585 gave 23*4 c.c. moist nitrogen at 12° and 757 mm. 1 ST as 10*7. 
C 8 H 9 NO requires Tf = 10*4 per cent. 

FormyVparatolttide , after one crystallisation, melted at 50— 53°. It 
was not analysed. 

Forniyl-a-naphthalide melted at 137*5°, and gave the following 
results on analysis. 

0*2407 gave 16*6 c.c. moist nitrogen at 12° and 751*5 mm. If = 8*1. 
C n H 9 IfO requires IT = 8*2 per cent. 

Fomyl-fi-naphthal ide melted at 120 — 123°. 

0*2085 gave 15*4 c.c. moist nitrogen at 16° and 748 mm. N = 8*4. 
CnHoNO requires If = 8*2 per cent. 

Formy Iplb&tvylhydrazide melted at 140°. 

0*1610 gave 29*8 c.c. moist nitrogen at 19° and 748 mm. NT =s 20*6. 
C 7 H 8 N 3 O requires N = 20*9 per cent. 

Formylorbhotolylh ydrazide, — This substance, which has not yet been 
described, crystallises from alcohol in colourless noodles, molting at 
119°. 

0*1910 gave 31*2 c.c. moist nitrogen at 13*5° and 733*5 mm. N = 18*6. 
0«H 1 ( Jf a O requires IT = 18*7 per cent. 
Formylmet]iyla7iilide. — Three grams of methylaniline, 1*5 gram of 
formamide, and 3*6 grams of glacial acetic acid were heated for six 
hours, the liquid poured into water, neutralised with ammonium 
carbouato, and extracted with ether. 2*7 grams of liquid were 
obtained, of which the portion boiling at 240—243° (1*1 gram) was 
analysed. 
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0*3640 gave 32-6 c.c. moist nitrogen at 14*5° and 749*5 mm. N = 10*36* 
C 8 H 9 NO requires N = 10*4 per cent. 

Formylethylanilide . — Three grams of ethylamline, treated in the 
same way as metbylaniline, gave 2*4 grams of liquid boiling at 
240—250°. 

0*1983 gave 16 c.e. moist nitrogen at 15° and 751 mm. N = 9*3. 
C 9 H n NO requires N = 9*3 per cent. 

Difcyrmylparaplienylmediamirie. — 1*3 gram of paraphenylenedi- 
amine, 1 gram of formamide, and 2*4 grams of glacial acetic acid were 
left to stand, and the product crystallised from water. 1*2 gram of a 
greyish crystalline powder was obtained, melting at 205 — 207°. The 
disodium compound of this substance was obtained as a fine white 
powder by adding a strong solution of caustic soda in alcohol to the 
alcoholic solution of the formyl compound. 

0*1005 gave 0*0665 Na,S0 4 . Na = 21*43. 

C 8 HflN 2 OaNa 2 requires 22*11 per cent. 

Orthophenylenediamine, under similar conditions, appears to form 
phenyleneformamidine, melting at 168 — 170°. 

Diformylbendd ine, prepared as above, formed a crystalline powder 
which did not melt at 240°. It was converted into the disodium 
compound, which was analysed with the following result. 

0*0525 gave 0*0278 Na 2 S0 4 . N a = 16*9. 

CtfHjoNaOgNa® requires Na = 16*19. 


LXXXVTI . — The Molecular Refraction of Dissolved 
Salts and Acids . 

By Dr. John Hald Gladstone, JEYR.S., and Walter Hibbert, F.I.C. 
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Iff papers on “ Refraction Equivalents,” published in the Proc. Boy. 
8oc. for 1868, and in the Phil . Tram. for 1870, one of us (Gladstone; 
gave reasons for believing that the law of refraction equivalents 
holds good in the case of compounds in solution, that is to say, that 
the refraction equivalent of a solution is the sum of tho refraction 
equivalents of the solvent and of the substance dissolved. If therefore 
the refraction equivalent, or molecular refraction, of tho solvent and 
its proportionate quantity is known, it is easy to determine the 
molecular refraction of the salt or other substance in solution. Pro- 
ceeding on this belief, he determined the molecular refraction of a 
large number of salts, and deduced from them the atomic refraction 
of most of the metals. A paper by Janovsky, however, caused some 
chemists to doubt the correctness of the method, and in 1880 a small 
committee of the British Association was appointed, “ for the pur- 
pose of investigating the method of determining the specific refraction 
of solids from their solutions.” The report, drawn up by Professor 
Phillips Bedson, * detailed various experiments, and arrived at the 
conclusion that they served to substantiate the law given above. 

Professor Kanonnikoff, of Kazan, in 1883, being unaware of what 
had previously been done, adopted tbo same method, and, as far as 
his experiments wont, arrived at similar results. 

Other researches on dissolved substances brought forth an accumu- 
lation of evidence in favour of this law, but, at tho same time, it 
became more and more probable that in certain cases tho law was 
only approximately true. It appeared desirable, therefore to us that 
tho question should be more carefully investigated, especially as the 
apparent exceptions to a general law are often very fruitful of fresh 
discovery. We now submit to the Society the results of our own 
recent experiments, together with those of other observers in the 
same field. 

In the paper in the Phil. Tram, already referred to, five reasons 
are given for confidence in the law. They are essentially as follows. 

1. The similarity of the refraction equivalents of certain substances 
when determined for the solid and from its solution. 

2. The close agreement of the refraction equivalent of several 
organic compounds when dissolved in water with what might be 


* All references will be given in Appendix II. 
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calculated from the values for carbon, hydrogen, and oxygen, as 
determined by Landolt. 

3. That the refraction equivalent, as reckoned from a solution, is 
not affected by varying the amount of water. 

4. The similarity of the refraction equivalent of the salt, whether 
water or alcohol be the solvent. 

5. The constancy of the differences of refraction presented by 
corresponding series of salts in solution. 

We propose in this paper to deal only with Nos. 1 and 3, and that 
in reference only to salts and acids. 

Historical Development. 

The instance specially cited in the original paper of 1870, in 
support of the view that the molecular refraction was constant, was 
that of sodium chloride. There was a series of observations on 
solutions of this salt in water, varying in strength from 23*2 to 8*7 
per cent. The molecular refraction for the line A varied irregularly 
about the mean figure 15*42, the extremes being 15*26 on one side, 
and 15*55 on the other. The same constancy was claimed for other 
salts, and an examination of the data would seem to warrant the 
claim in regard to several, but none of these were examined in weak 
solution, nor indeed through any wide range of strength. 

There had been previously published several tables of the refrac- 
tive indices and densities of solutions of the same salt at different 
degrees of concentration. From these data, we have calculated the 
molecular refraction, and the results are given in Appendix I (p. 864, et 
seq .). Thus calculated, Kremer and Beer’s tables, published in 1857, 
indicate for many salts little or no change on dilution. 

The figures of Handl and Weiss in 1858, of Landolt in 1862, of 
Wiillner in 1869, and of Damien in 1881, lead to a similar conclusion. 
Only those of Schmidt, in 1859, seem to indicate a totally different 
result. 

Subsequent to 1870, Van der Willigen published some elaborate 
investigations showing little variation, and JR). Forster, in 1878, con- 
cluded that the specific refractive energy of salt solutions is not so 
constant as with mixtures of liquids, but that the variations are 
generally within 1 per cent, of the mean. In Appendix I, the 
observations of Wiillner, Yan der Willigen, and Damien have been 
reduced by means of their own values for water, in other cases we 
have used our own. 

A second paper by one of the authors (Gladstone), which appears 
in the Transactions of the Chemical Society for 1891, establishes the 
fact that the value for hydrochloric acid does change with a varying 
amount of water, that this change is considerable, and that with an 
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increasing percentage of substance in the solution the refraction 
becomes smaller. It shows that the same is true of molecular dis- 
persion, the change here being proportionately greater. The same 
holds good also, though not to tho same extent, with other acids, 
whilst in the case of salts, the evidence is rather in favour of con- 
stancy. About the same time, Le Blanc, W egner, Schiitt, and more 
recently De Muynck, have made determinations on certain groups ol 
acids and salts. 

There are other observations, principally by foreign physicists, 
which would be valuable in this connection, if they had given the 
density of the solution. 

This was the condition of the question when we took it up fox* 
re-examination. Since that time, Hallwachs and Kohlrausch, using 
refined methods for determining the refractive index and the density, 
have carried the investigation into the region of the most dilute 
solutions. We have reason also to believe that Nasini has been bring- 
ing his great powers of investigation to bear on the samo general 
question. 

The Data. 

The data employed in this investigation include : 

1. Gladstone’s old observations (1868 — 1891) whenever they were 
considered sufficiently trustworthy and valuable for our present 
purpose. They have generally been recalculated by means of the 
value for water which we now employ. 

2. The published observations of others. All those mentioned in 
the introduction are included, unless there was some obvious ground 
for their omission, and they are calculated out to the molecular 
refraction. 

These two constitute Appendix L 

3. The published observations on such solids and anhydrous liquids 
as have also been examined in solution, 

4. Our own most recent observations ; these were usually made in 
much the same way as that previously described. But as it was no 
part of our special object to measure the dispersion ; as the hydrogen 
and sodium lines can be made use of at any time ; and as most of our 
Continental iellow-workers have made use of tbesG lines in the 
spectrum, we have also employed them. 

Seeing that the molecular refraction of the salt is the difference 
between tbe molecular refraction of the solution and that of the 
water, it is evident that all expci imental errors, as well as all errors 
arising from impurity of substance, must be accumulated on tho very 
thing we are seeking — the refraction due to the salt itself. We have 
therefore determined with great care the molecular refraction of the 
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water employed for the different series of experiments. The figures 
we have generally found are the following. 

Watei* at 18° 0. 

H a . D. H*. 

fi 1-3315 1-3334 1*3375 

(fi - 1 )/d 0-3318 0*3337 0-3378 

It is evident also that the chance of error is greatly increased if the 
amount of salt is only a small fraction of the solution ; so that with 
all precautions we do not feel justified in placing much reliance on 
the figures yielded "by solutions weaker than 5 per cent., although in 
a few cases we have placed on record figures obtained from solutions 
still more dilute. 

Table I contains the name of the substance, its formula, the per- 
centage of the substance in the solution, and the molecular refraction 
for the hydrogen line a or 0, the sodium line D, and the hydrogen 
line j8 or F. 

Table I. 



Substance. 

Formula. 

Per- 

centage. 


Bp. 

Rjs. 

Hydrochloric acid 

HC1 

38 -93 
34-30 
23 -00 

14*02 

14*11 

14-14 
14 *23 

14*46 

14*65 


99 



14-25 

14-37 

14*72 





13 *18 

14-33 

14 -45 

14-80 





5-23 

30-10 

14-50 

14-58 

14-29 

14, -94 


93 

2nd spec. 

99 •»••• 

II * 


*9 

It 

ii 


23-70 

• — 

14-31 


>9 

19 

it 


20 -96 

— 

14*38 


99 

It 

99 

»i 

13 -C3 

— 

14 *43 



II 

II 


0 *87 

— 

14-60 


99 

>» 

99 


3-47 

— 

14-98 


99 

11 

3rd spec. 

]> *•■«•••••• 

21 -10 

14-48 

— 

14-93 

II »» 

Lithium chloride 

99 39 

99 99 

9) 

tl •••«*•! *. 

LiGl 

» 

99 * 

7-60 
43 -40 
24-10 
13-10 
10-59 

14-67 

14-47 
14-80 
14-82 
15 *02 

15-08 

99 

99 

>} 

99 



0-77 

5-10 

— 

14-89 
15 -07 


}• 

19 

2nd spec. 


48-50 

14*23 


14-64 

99 

99 

» 

IJ •••*•*•••• 

39-80 

14*44 

— 

14-83 

99 

91 

99 

99 •••••••*.. 

39 *52 

14 *46 


14-87 


99 

99 


25-90 

14-65 

— . 

15-06 

99 

99 

It 


19-09 

14*75 

— 

15-22 

99 

91 

91 

II 

12*74 

14*89 

— 

15-26 

99 Jl 

Sodium chlondo 

U 

Nad 

6-93 
25 -80 
4-61 

14-99 

15*80 

15-94 

15-88 

99 


2nd spec. 


20 -41 


16-11 

99 

II 

9* 

„ 

8-32 


— 

16-20 
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Table I ( rontinnod ). 


Substance. 


Potassium, chloride . 


Rubidium chloride 


Ammonium eliloridc . 


Magnesium chloride . 


Calcium chloride 


Strontium chloride . 


Barium chloride. 


Cobalt chloride 


Ferric chloride 


Copper chloride . 


2nd spec. 


2nd spec., 


Gold chloride 

n n • •■*•**• 

Platinum chloride.. .« 

» >» • • • • 

» »» •• •■ 

Gold sodium chloride 

» •> 

» t> • * 

Hydrobromic acid .... 


Formula. 

Per- 

centage. 

K. 

Rp. 

iv 

KOI 

23 *00 

18*16 

18*58 

18-90 


12-40 

18*46 

18-02 

18-98 


6 ‘1C 

18-41, 

18 48 

18*97 

RbCl 

as -si 

— 

22*20 



15 -or 

— 

22 30 


, 9 • • * * 

9 20 

— 

22*04 



3-94 

— 

22*30 


NH 4 C1 

25 -64 

22-35 

22-17 

22*84 


25 -21 

22-35 

22 *48 

22*88 


6-20 

22*41 

22-50 

22*85 


5-57 

22-70 

22-51 

23-10 

Mg'Clj 

33-92 

— 

29*02 


» •••••••• 

13-52 

— 

29 20 



6-89 

— 

29*24 


CaCl 

39-55 

— 

32-35 



17-83 

— 

82*09 


» •••••••• 

9-57 

— 

32*93 



4-96 

— 

32*93 


SrCl 2 

32 -06 

— 

35-02 



18-44 

— 

35-23 



9-71 

— 

35-29 


BaCl 2 

24-64 

— 

38*91 


a 

12-36 

— 

39-21 


M 

G-38 

— 

39-24 


CoCl;. 

27-86 

32-71 

32-97 



17-49 

32-84 

33-12 


»» •■•••*••• 

9-47 

32-77 

32-99 



4-97 

32-86 

33 53 


CmCIz 

36 -59 

— 

33-73 


>» 

6 -85 

— 

33*18 


yy 

42-45 

— 

33*82 

34-99 

»» 

39-20 

— 

33-00 

34-81. 


23-30 

— 

33-00 

34*55 

yy •••■ • • • 

11-60 

33-17 

33-32 

34-50 

yy 

6-08 

33-76 

33 00 

34*44 

FeCl 3 

40 -66 

— 

53-95 


M ••••«•••* 

5-19 

— 

52 31 


yy ••••*♦••• 

41-80 

53-32 

54-03 


>» 

41-30 

53 07 

51-32 


yy 

35 -11 

62-70 

53-17 



20-50 

52-08 

52*94 


>j 

10-95 

51-84 

52*65 



6-72 

51-68 

52*53 


AuCl s .. ....... 

61*70 

50-27 

00*35 



7-57 

56-07 

58*50 


PtCl4 

89-40 

78-22 

79-81 



21-68 

77-57 

79-03 


n 

8-10 

77-20 

78-39 


Auci 3 ,mci ... 

52-00 

74-38 

75-63 


yy • 

33-10 

74-86 

75-70 


yy • 

11-63 

74-00 

75-99 

79*43 

yy •• • 

6-10 

74-29 

75-77 

79*57 

HBr 

44-82 

— 

20-61 



26-60 

— 

80-78 
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Table I ( confirmed ). 


Substance. 

Formula. 

Per- 

centage. 


Bd> 

K/}> 


BaCNO») s 

9*87 

44*53* 

44*78 

45-72 

» 99 

» ••••*• 

6-77 

4 '24 

44-55 

44-45 

44*61 

44*68 

45-83 

45-67 

TjfiftH nifcmiA ............ 

Pb(NO,)« 

35 *94 


54*12 




7-04 

, . 

53*32 


„ „ 2nd spec 

ii 

34 *60 

53*14 

53*67 

55-24 



20*23 

52-88 

53*50 

54-93 



11-07 

52-17 

53*12 

64*35 

PulphTP*V? - Itl ...... 

h«so 4 

23 *00 

22 '94 

23*06 

23*36 



15 *98 

22*82 

22*97 

23 *22 

9) 99 .••••••••• 


10-10 

22 -79 

22*84 

23*16 

» 99 • .*••••••• 


5-25 

22-74 

22*76 

23*28 

>J » ** 

99 

8 *25 

23*16 

23*io 

23*64 

„ |, 2nd spec.. . 



22*34 

22*44 

22*68 



85*25 

22-42 

22-54 

22-80 



wi^om 

22-53 

22*65 

22*92 



37*20 

22*73 

22 -88 

23*20 



I2XS2I 

22*86 

22*96 

83-07 




22*96 

22*94 

23*22 



liff&l 

23-00 

22*75 

22*92 

„ „ 3rd spec... 

99 •••••••« 

98*00 

22*32 

22-47 

22*66 



89-75 

22-44 

22-55 

22-80 


11 •••».•*• 

84-70 

22 *46 

22 -69 

22*88 


11 

81 *80 

22*48 

22*62 

22-91 

)) )) SJ • • 

)) • * ..#•* 

80-05 

22-49 

22*61 

22 -87 

99 99 99 • • 

11 

77-25 

22-49 

22-60 

22*85 

)I >1 99 • • 


71*90 

22-56 

22*66 

22*92 

11 99 99 • « 


63-20 

22-51 

22 65 

22*94 

Sodium sulphate 

NajSO t 

30-40 

26-54 

26*63 

26*99 



10-93 

26*16 

25*93 

26*30 

ii >1 *•••»»•• 


6-75 

26-54 

25*84 

26-04 

» >1 .*•••••• 

Potassium sulphate T 

k,so 4 

10*44 


32 *41 




5*43 

■ 

32*65 


99 1 i» 

BuWImvp sulphate .... ft 

Bh»*S0 4 

30*84 

38 *39 

38*58 

39*06 



17*53 

38*42 

38 *58 

38-98 

99 99 * 

11 ....... 

9-42 

38*53 

38*17 

39-22 

>1 11 ...... 

Cmsinm stilphafco 

CsSo, ....... 

58 *26 

47 *53 

47 *78 

48*36 



27*08 

47 *42 

17 *93 

48 -51 

« 11 

99 •***•" 

15*24 

46*99 

47 <>0 

48*47 

11 11 ........ 

Magnesium sulphate ...... 


25-76 

24 00 

24*32 



18 *20 

24*10 

„ __ 

24*36 

11 » 

11 

11 *47 

24*19 



24*43 

Zinc sulphate , , .... 

ZnS0 4 

32*50 


26*32 




8*30 



27*02 


, 99 t 99 a 

Potassium zinc sulphate. • • 

E 2 S0 4} ZnS0 4j ' 

u-94 

95*77 

95*91 

98*08 


6H s O 





n 11 • • • 

11 

8*41 

95*95 


98*01 

Ammonium zinc sulphate. . 

(NH^O* 

11*86 

102*47 



99 99 • • 

u 

6*13 

102 -26 

103*40 


Sodium chlorate. 

NaOlOg 

47*10 

21 *79 

22 *00 

22*15 



27 *60 

22 *33 

21*95 

22*38 

11 11 •••*•••• 

» >» ........ 


6*58 

22*11 

21-87 

22*42 
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Addenda. 


Substance. 

Formula. 

Per- 

centage 


Sp. 

Eh- 

Lithium chloride 

LiCl 

39*52 

14*51 

15*04 

15 *49 
15*96 
16*20 

16 50 


25*87 

14*89 

15 *43 

» j» ....... 


14*53 

35*09 

15*70 

93 93 ••••»«•• 

********** 

10*03 

15 45 

16 00 

•9 )9 •••••••• 

BCydrobromic acid . . 

93 99 * • 

HBr 

44*50 

20 07 


22*19 


7*80 

20 64 

— 

22*43 


Solids and their Saturated Solutiom. 

As a salt in the solid condition is presumably a more simple body 
than when it is dissolved in water, and after it may have suffered 
dissociation or combination with the solvent or its elements, it is 
most logical to commence by considering whether any change in 
specific refraction is effected by the act of solution. 

Unfortunately there exist very few observations of the refraction 
of solid salts which are available for our purpose. Nearly all crys- 
tallised salts have more than one index of refraction. Again, few 
observers have given the sp. gr. of the actual specimen of salt from 
which they have determined its optical properties. Nevertheless we 
have been able to find determinations of 14 solid substances of simple 
refraction which answer our purpose, and of 8 other salts which have 
more than one index of refraction, but so near together that the 
mean of the two or three indices may be considered as very close to 
the refraction which the sabsiance would exhibit if it had only one 
index. 

The following table gives these substances in the first column, then 
the spectrum line observed, after that the molecular refraction of the 
substance, first as a solid and then in a saturated or nearly saturated 
solution. The next two columns show the actual difference of the 
two values and the percentage change respectively, the -f sign mean- 
ing an increase on solution, the — sign a decreaso. In the case of 
more than one index of refraction, the moan is taken. The final 
columns give the initials of the observers. Appendix II (p. 867) will 
explain these and give references. 

The list commences with Sir Isaac Newton, whose work included 
the density as well as the refraction of substances. It will be soon 
that in drawing up this table, we are greatly indebted to the work of 
Messrs. Topsoe and Christiansen on crystals. We have also to thank 
Mons. L. Perrot and Mr, Tuttoa for supplying us with specimens for 
solution. 
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Table II. 


Balt. 



Molecular refraction. 

Change on solution. 



_ . 1 


1 

juiue. 




1 


Solid. 

Solution. 

Actual. 

Percent ago. | 

Red 

34-83 

15*68 

+ 0*8 

+ 5-37 

A 

14- 75 

15*56 

+ 0*81 

+ 5*46 


14*56 

16-4 

+ 0*84 

+6-77 

a 

14*63 

16-7 

+ 1-07 

+7-81 

D 

14*78 

15*80 

+ 1*02 

+ 6*97 

» 

14 78 

16*76 

+ 0*98 

+ 6*03 

»> 

18*72 

18*58 

-0*14 

-0*52 

a 

22-35 

22*35 

0*0 

0*0 

B 

24*85 

25-38 

+ 0*53 

+2*1 

a 

35*84 

36*0 

+ 0*16 

+0*44 

D 

36*29 

36*52 

+ 0*23 

+ 0*63 

» 

40*81 

40*22 

—0*59 

-1*44 

F 

22*52 

22*15 

-0-37 

-1*65 

B 

241*0 

241*2 

+ 0*2 

+0*08 

9) 

255*2 

256*8 

+ 1*6 

+ 0*63 

3 > 

45*8 

44-78 

— 1*02 

-2-22 

J» 

57-26 

54*32 

-3*14 

-5*49 

A# 

19 *0 

19*48 

+ 0-48 

+2*53 

A* 

42*80 

42*83 

+ 0*03 

+0*07 

a 

15*20 

14-77 

-0-43 

-2*8 

B 

/ 28-451 
1 30-76/ 

27-11 

-2*47 

-8*4 


‘ 32*22' 




a 

- 32*14 - 

32*15 

-0*1 

-0*31 


32 *39 
: 32 *45 : 




. B 

- 32 *77 ► 
32*54 
' 37*83' 

32*41 

+ 0*18 

+0*55 

a 

37*74 - 

38*39 

+0*62 

+ 1*0 


37 *76 
48*051 

1 



, 

47*89 ■ 

47*57 

—0*24 

—0*5 


47*50. 
f 62*54' 





< 66*46 - 

65*87 

+ 0*91 

+ 1-4 


1 65 *78 
f 65*00* 




• » 

< 68*82 - 

68*8 

+ 1*43 

+ 2*1 


L 68*30 
f 65 *32 ‘ 




. B 

09*16 

l 68*66. 

69*1 

+ 1*39 

+2 01 


94*06* 




• » 

95*27 

95*94 

+ 0*22 

+ 0*23 


L 97*84. 
flOl *22' 




-» 

‘ 91 

102*14 - 
1103*41. 

103 47 

+ 1*21 

+ 1*19 


ObHoxvm. 


Solid. 


Solution. 


Sodium chloride . 


Potassium clilorido . , 
Ammonium clilorido 
Potassium bromide . . 
Potassium iodide. . . . 


Ammonium iodide 

Sodium chlorate ....... 

Sodium alum 

Ammonium alum 

Banum nitrate.. 

Load nitrate 

Sodium metapliospliate . 
Borax (fused) ......... 

Boric acid. ... 


Two indices. 

Silver nitrate 

Three indices. 
Potassium sulphate. . 


Rubidium [sulphate. . . . 

Cffisium sulphate 

Magnesium sulphate. . . 
Zinc sulphate 


Potassium zinc sulphate. . 


N 

B1 

g 

Bd 

Gr 

Bui 

Gr 

T&CJ 


Bus 

S 

s 

T&a 

» 

Bd 


Br 

Tut 

T&C 

Tut 

n 

TAO 


3 ’err 


It 

v aw. 

a 

Bd 

H 

HI 

H 

& 

u 

» 

G 

H 

Bd 


II 

K 

II 


K 

a 

it 


* This is the A of Cauchy’s formula. 
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’From the above table we may at once draw the following con- 
clusions. 

1. That in every instance the molecular refraction of the salt is 
not very different in the solid and dissolved conditions. 

2. That in the majority of cases there is a difference which can 
scarcely be attributed to enors of observation. The greatest differ- 
ence occurs in the case of sodium chloride, and of lead and silver 
nitrate, whilst in the case of the alums, potassium iodide, and perhaps 
one or two other substances, the difference is so small that it may be 
purely accidental. 

3. That the change of refraction of a salt when dissolved is some- 
times in the direction of increase, and at other times in the direction 
of decrease. Thus nearly all the haloid salts of the metals give an 
increase on solution; whilst the throe nitrates show the opposite 
effect. 

4. As to the salts which exhibit three indices of refraction, the 
data are scarcely sufficient to allow of our drawing any deductions 
beyond the general one, that there is no great departure from the 
mean of these indices when the crystals are dissolved. 

5. Six of the salts examined contain water of crystallisation. As 
they give nearly the same molecular refraction in the solid and 
dissolved condition, it is evident that there can be little or no 
difference produced by the liquefaction of the water of crystallisation. 

Other deductions fiom this table must be reserved till after we 
have considered the effect of diluting the saturated solutions. 

Anhydrous Liquids and their Solutions . 

Besides the solids, we have eight substances of which the refrac- 
tion is known when they are in a liquid condition. They are all 
acids. There aro the three halogen acids, HC1, HBr, and HI, all of 
which exist as a gas at ordinary temperatures ; but they can be 
liquefied by pressure and cold, and the refraction of the liquids so 
produced has been determined by Bleekrodc. There is HCN, which 
is a liquid at ordinary temperatures ; and there are nitric, sulphuric, 
formic, acetic, and propionic acids ; these last five are miscible with 
water in all proportions. 

The following table is on the lines of Table II, with the addition 
of another column for the gas in the case of the halogen acids. It 
must also he explained that whereas the refraction equivalent for the 
solution in the case of the first three entries represents the effect of 
the minimum amount of water required to convert the anhydrous 
acid into a solution, in the subsequent cases, where the acid is per- 
fectly miscible with water, the point of comparison is taken more 
arbitral ily. 
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Table III. 


Substance. 

Line. 

Liquid. 

Gas. 

Solution. 

Actual 

change. 

Observer. 

R. 

R. 

R. 

Liquid. 

Gas. 

Solution 

Hydrochloric acid . . . 

D 

10*98 

9-959 

14*14 

+ 4*16 


Mas 

H 

Hydrobromic add .... 

jj 

10*15 

12*745 

20*77 

+ 4*62 



G* 

Hydriodic acid 

99 

26*28 

20*25 

32*15 

+ 5*87 

>> 

a 

H 

Hydrocyanic acid .... 

99 


9*732 

9 85 

-0*34 

BAB 

M 

BAB 

Nitric acid 

A 

16-22* 

— 

16 *39 

+ 0*17 

a 


G- 

Sulphuric acid 

a 

22-34f 

— 

22*53 

+ 0*19 

H 

— 

H 

Formic acid 

99 

13-91 

— 


+0*16 

Lan 

— 

Lan 

Acetic add 

99 

21 *13 

— 

21 *30 

+0*17 

» 

— 

» 

Propionic add 

99 

28-62 


28*79 

+ 0*17 

>* 


» 


* 98*7 per cent. t 97'5 per cent. 


A glance at this table is sufficient to show that, in the case of 
hydrogen chloride, hydrogen bromide, and hydrogen iodide, we have 
a very great increase on solution, far greater, in fact, than in any 
of the cases where solids were dissolved; it amounts to some 
26 per cent, if we compare it with the liquid, and very much more 
if compared with the gas. On the other hand, in the case of 
hydrogen cyanide, nitric acid, and sulphuric acid, and especially in 
the case of the three organic acids, we have no sudden transition from 
the liquid to the dissolved condition. 

Varying Strengths of Solution . 

We now come to considei the effect of increasing the amount of 
water in which the salt or acid is dissolved. For this wo have the 
very large amount of evidenco contained in Appendix I and Table I. 
To bring this into one general view, wo have drawn up the follow- 
ing table. Tho whole evidence cannot be tabulated, so we have 
included only that derived from the weakest and strongest solutions 
of the same salt, and for this purpose few solutions of Less than 
5 per cent, have beon admitted, for reasons already explained, 
except in the case of Kohlrausch and Hallwach’s determinations. 

As the comparison on which we are now entering deals with 
figures whose variations are always near to tho limits of experi- 
mental error, we think it well to indicate what we believe to be tho 
accuracy of our more recent figures. The index may be considered 
correct to one in the fourth decimal place, so taking p = 1-4000, 
the error in the determination of /t - 1, may be somewhere about 
1 in 4000. The density was generally determined with a possible 
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error of 1 in 8000, or including a possible want of coincidence 
between the temperatures at which the index and the density were 
determined, 1 in 6000. Errors in the determination of the strength 
of solution will depend very much on the nature of the salt itself and 
the methods of its analysis ; but we consider that it is usually not 
more than 0*1 per cent. This is unimportant whero the specific re- 
fraction of the salt is very nearly the same as that of water, but tells 
where the specific refraction varies greatly in either direction. The 
value taken for water also affects the result most when the specific 
refraction is very different. It must be re membered, too, that these 
different sources of error may either be added together, or may tend 
to neutralise one another, in any given observation. The aggregate 
error, of course, falls entirely npon the determination of the salt itself, 
and when that constitutes only 5 per cent, of the solution, it may bo 
taken at possibly somewhat less than 1 in 100 in the more recent work 
marked H. In strong solutions, the total error is, of course, less. But 
in many cases this possible error is diminished by our having taken 
more than one series of observations on the same substance, and often 
with different apparatus. 

The table is constructed in the following manner. Column 1 
contains the name of the substance. Column 2, the formula. 
Column 3, the line of the spectrum observed. Column 4 gives the 
highest and lowest percentages of salt or acid, jpi and jp 2 , contained 
in the solutions that have been employed. Column 5 gives the 
corresponding molecular refractions Ri and Ra. Column 6 gives the 
average change in molecular refraction for 1 per cent, change in 


strength of solution, 

Vi — Pz 


indicate whether 


The signs -f or 

the change on dilution is in the direction of increase or decrease 
respectively. It was thought undesirable to extend these figures 
beyond the third decimal place, and when the number is less than 
0*005, and thus clearly within the limits of experimental error, wo 
have not entered it, but simply indicated the tendency. In judging 
also of their value, it must be remembered that no account is taken 
of any intermediate observations ; and that tho range of strength 
employed by different observers, or by tho same observer at different 
times, often varies greatly. This is especially tho case with tho 
observations of Kohlrausch and Hallwachs on very weak solutions. 
These really show scarcely any change, but on account of the short 
percentage-range in strength, appear to show moi'e change than 
stronger solutions do. We have therefore put the sign only. The 
last column gives the initials of the observer. 


3 L 
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Tviitr IV. 


Subbl ance. 

bormula. 

Line. 

Change 
in strength, 

Pi toj^. 

Change 
in molecular 
refraction, 

Ri to Rj< 

Average 
rate of 
change, 
1*2-1*,, 
Pi — 

Obbencr. 

Hydrochloric acid . . . 

HC1 

3? 

36 ‘09 — 3-13 

14-34—15-12 

+0*019 

U 




21 -1 7-6 

14 *93—15 *08 

+0 011 

11 



1) 

30-1 — 6 '87 

14*29-14*55 

+0*011 

ii 


. . 


38-93 3-23 

14-14-14-58 

+ 0*013 

it 




1*20— 0*025 

14-44-14-37 

+ 

Kl&lli 




24*30- 7*45 

13-95—14-47 

-0 *03 

Le Bi 

Lithium chloride. . . . 

LiCl 

Red 

40*0 — 24 *3 

11-42—14-76 

+0-022 

Kr & lir 



0 

48 ’5 — 6 *93 

11-23-14-99 

+ 0*018 

II 

w i> * • « * 



D 

43*4 — 5*1 

14-47—15-07 

+ 0*016 

ii 

11 1J • • • • 


a 

11 -72— 3-81 

14*83—11*82 

— 

Weg 

Sodium chloride . . . 

NaCl 

A 

23-2 -- 8 7 

15-33—15-30 

— 

a 

» « • • * • 




26*58- 8*63 

15-66-13-47 

-0*005 

v.d.W. 



C 

26-4.1— 8-32 

13 *68-13*84 

+ 0*0088 

H 



D 

23*80- 4*61 

15-80-13-94 

+ 0-0066 

ii 

» n • • • ■ 



i, 

14-0 — 0-72 

15-76-15-84 

+ 0*006 

KU HI 

H 11 • • • • 




1 *44— 0 03 

15-79-15-79 

0 

It 

11 il *• •• 

...... 

a 

25*0 — 1*0 

13-70—15-82 

+ 0*005 

Sch 

11 11 • • • • 


D 

24 13- 4*79 

15 -72-15 80 

+ 

Bo Bl 

»» j) • # . . 


a 

24 73— 7 -99 

13 -70-15-76 

+ 

Wog 

Potassium chloride . . 

ra 

A 

24-1 —12-1 

18-70-18-60 

-0*008 

a 

11 X • • 



D 

23-0 - 6-16 

18-38—18-18 

-0*006 

a 

11 1 * • 



a 

9 -92— 4 99 

18 *97—18*95 

— 

Weg 

Rubidium „ 

RbCl 

D 

28-81 3 94 

22*26— 22*30 

+ 0*0010 

H 

Ammonium chloride 

SH 4 C1 

A 

24-83-11-79 

22*19-22*11 

— 

v.d.W. 

» 19 

Ji ..... 

a 

23 -64 — 5 - 57 

22*35—22*70 

+ 0*017 

U 

Magnesium „ 

MgOl, 

D 

33-92— 6-89 

29 *02 — 29 *2-1 

+ 0*008 


Calcium chloride. . . . 

OaCl 2 

Red 

40-4 —24 -75 

31 *31 -32*01 

+ 0*032 

Ivr & Br 

11 91 • * * • 


A | 

| 40 -64— 16-73 

31*89 -32*06 

+ 0 007 

v.d.W. 

»i r 


0 

, 39 33— 4-96 

32*35- 32*93 

+ 0*017 

11 

Strontium chloride . . 

SrCl 2 

I Red i 

I 32 -00—19 93 

34*49 -31*46 

+ 0-0023 

Kr & Br 

»* V 1 * 



1) 

1 32-06- 9-71 

35*02—33*29 

+ 0*012 

1! 

Barium chloride. . . 

BuCL 

91 

24-64 - 6-38 

38 ‘91 — 39 *21 

+ 0*017 

n 

Coball „ 

Coal 

a 

1 29-86 - 4-07 

32*71-32*86 

+ 0*000 

ii 

u>pi>« ; 

CuCl. . , . . . 

i) 

1 36-59-- 6 '85 

33 *73—33 *18 

-0*018 

V 

11 19 "'it 

17 

ii 

i 42-45— 6'08 

33*82— 33 *00 

-0*022 

„ 

Zinc chloride. .. .. .. 

ZnCl 2 

a 

1 71-8 -35-9 

31*32-31*36 

+ 0*007 

Wull 

11 99 


A 

1 38-98—23 0 

30*59—31*03 

t- 0*028 

v.d.W. 

9« 99 


ii 

1 46-1 —33 -8 

30*32-30*63 

+ 0*010 

a 

Cadmium chloride. . . 

OdOlg 

ii 

i 57-52-14-70 

36*09-36*14 

+ 

deM 

Ferric chloride. . . . 

FeCl 3 

a 

i 40-06- 5-19 

53*95-52*31 

1-0*049 

H 



a 

. 44-80— 5 '72 

53*32—31*68 

-0*012 

i» 

Gold chloride 

AuClg 

D 

01-7 — 7-37 

60*35— 58*5 

1-0*031 

>i 

Platinum chloride . . . 

pta 4 

97 

. 39-4 — 8-1 

79 *81-78*39 

-0*045 

n 

Gold sqdium chloride 

AuCl 3 ,Na01 

91 

52-9 - 6-1 

75*63 73*77 

+ 

ii 

JUydrobfomie acid. .. 

HBr 

F 

63-59-13-47 

20*80 -21*83 

+ 0*020 

a 

91 99 • • * 

19 

D 

44-82— 7-74 

20*61-21*01 

+0*012 

1C 

91 91 * * * 


A 

, 44-5 7-83 

20 *10-20 *64 

+ 0 0146 

Or 

Lithium bromide. . . . 

LiBr 

a 

1 9-28— 4-02 

21 05—20*9 

-0*03 

Weg 

Sodium „ .... 

NaBr 

Red 

45-2 — 28-87 

22*09-22*27 

+ 0*011 

Kr & Br 

11 99 • • • • 

tT ff t| 

a 

31-02— 4-95 

21*83-21 *89 

! + 

Weg 

Potassium bromide . , 

KBr , 

ii 

37-7 —23-2 

23*6 —23*33 

1-0*003 

Kr & Br 





OF DISSOLVED SALTS AND AOIDS. 


845 


Table IV ( continued ). 


Substance. 

Formula . 

Line. 

Change 
in strength, 
i>i to jp>. 

1 

Change 
m molecular 
retraction, 

Bi to B^. 

Average 
rate 0 1 
change, 

b,-b 1b 

Pi-Pa' 

Observer. 

Potassium bromide . . 

Or 

B 

3b ‘2 — b -49 

25*38— 23*16 

+ 

IE 


» ...... 

a 

19 *82- 3*01 

25-17—23-21 

+ 

Weg 

Calcium bromide. . . . 

CaBr L > 

Bed 

55*9 —38*9 

44*01—44*78 

+ 0*015 

Kr A Br 

■Strontium bromide . . 

SrBr 2 ...... 

ii 

48-36-32 -2 

47 29-47-21 

—0*005 


Barium bromide .... 

BaBr> 

ii 

30 -50—33 -60 

S3 07—53-04 

“ 


Cadmium bromide . . . 
<Jrolcl bromide 

CdBr> 

i) 

33 -20 -11 -9S 
31-69— fill 

49 * 37—49 * 7 s 

+ 0 - 01 S 
+ 0-240 

deM 

tr 

AuBr 3 

a 

82*32 83*62 


m 

D 

65 *3 — 6*36 

32 *15 -32*18 

+ 0*006 




n 

35-55- 7 -57 

32-13—32-35 

+ 0*005 


Lithium inrlirlft 

Lil.. 

a 

10*34— 3 *0S 

31 *90 - 31 *88 


Wei( 
Kr k Br 

Potassium iodide.. . 

Kl 

Bed 

35-03- 3790 

36-2(5 30 "lb 

+ 0-013 


ii •••••*•• 

a 

3313 -3 b ‘70 

36*06 -35-61 

- 0*010 

Bam 

n j> •• 

ii 

1 ) 

13 ‘1)7 — 7-23 

36-02-30-55 

- 

H 


u ....... 

i> 

57 *17 — 33 *84 

8(5-32—80-54 

+ 

Vf’e g 

»1 11 • ■ • • 

ii 

a 

20-04— 5-01 

36 17-36*29 

+ 0-008 

Ammonium „ .... 

nh 4 i 

D 

33-81— 8'})2 

40-22—10-29 

+ 

H 

it ii 


11 

G‘J-3 —10-0 

40-22—39-74 

- 0*01 

» 

Cadmium iodide .... 

Cdlg 

11 

3112— 9-56 

72-03-70-47 

-0-07 

doM 

Sndiimi inHirlft .... 

Nal 

CL 

14-70— I5"23 
94-8 —17-03 

32*83-32*93 
22*97— 23*80 

fO -01 
+ 0*011 


Sulphuric acid 

3I;S0 4 

C 

Hd& W 

ii u 

ii ...» * 

>1 

94-72—23 ’29 

22-36—22-52 

+ 

v.d,W. 

!> 1 ) «»••«• 

i» 

a 

23 0 - 5-25 

22-94-22-74 

- 0*011 

ii 

» »•••*- 

ii ••••» 

»» 

97-3 — 5-8 

22-34 -23-0 

+ 0*007 

1 „ 

>» » 

ii ,,,m 

n 

9b -0 -63-2 

22-32— 22 51 

+ 0*005 

1 » 

>1 11 

11 11 .*•*.. 

n • • • * • 

» • • • « • 

I) 

n 

94-11—4-78 
2-35— 0-030 

■ 22-23- 22-82 
22-9 -23-2 

+ 0*006 
+ 

1 LeBl 
Kl&HJ 

Sodium sulphate .... 

NajS 0 4 .... 

A 

10-31- 6-8 

20-20—26-14 

“0*016 

v.d-W. 

ii »i ■ • • • 

ii • 

n 

14-10 - 719 

24-32- 23-88 

“0*064 

, & 

11 M ■••• 

ii 

a 

30-4 — 5-75 

26-54— 25-54 

“0*040 

H 

11 i> * * * • 

i> *••• 

1 ) 

23-51— 4 7(5 

2(5 -30-26-23 

— 

LeBl 

Potassium sulphate. . 

KsSOj 

n 

10-41— SMS 

32-41—32-55 

+ 0*021 

, H 

Magnesium „ 

MgS0 4 .... 

a 

23-7(5-11-17 

2*4 -00-24 -19 

+ 0*013 

1 

11 

I* » " 

ii 

J) 

1-47-0-03 

24 14—24 -26 

+ 

K1&H1 

Zinc sulphate 

55nS0 4 ..... 

11 

32-5 — 8-3 

1 2(5-32 27-02 

+0*029 

ir 

ii »» 

i> 

»t 

1 '5S— 0*033, 27 -10-27 *08 

— 

Kl k II] 

Sodium chlorate 

NaOlOj.... 

a 

47-10— 0-38 

21 -79-33 -11 

+0*008 

H 

Nitric acid 

M »• 

iino 3 

u 

A 

a 

98-7 — 13 "I 
88-0 — fi -8 

10-22—10-81 

16-27—17-27 

+ 0*011 
+ 0*012 

(4 

U 

11 II • * 

I) ii ......... 

it 

n ..... 

i) 

41-0 — 0-0 
(59-18—14-09 

17-08-17-32 
16 -64-17 -55 

+0*007 i 
+ 0*015 j 

LeBl 

Lithium nitrate 

LiNOjj 

a 

42-18— 5-12 

17-73—17-76 

+ 

K 

ii u ..... 

i» 

» 

60*4 — Y *77 

17-77— 17-52 

-0*005 | 

n 

Sodium „ 

MO, .... 

X 

-44-35— 1(5 -88 

18-03—18-53 

0 

v.d.W. 

It M ..... 

w .... 

n 

42-9 —21-23 

18-78—18-74 

— 

F 

Potassium nitrate . . . 

OO s 

D 

17-55- 4-76 

22-26—22-24 


IE 

Cadmium „ 

Cd(N0 3 ) 2 .. 

H 

54 03— 8 08 

30*86—32*03 

+0*026 

deM 

Silver nitrate 

AgNOjt .. 

a 

03*3 — 7*9 

27-11—26-88 

-0*013 

n 

u u 

ii •••• 

B 

44-5 — 5 *88 

2711-26-6 

-0-013 

11 

i» u 

11 •••«■ 

A 

57-87— 13-82 

27-47—26-32 

-0*028 

F 

i» ii 

n •••• 

a 

21-3 —13-31 

27-28— 27-00 

-0*021 

3 h 2 ! 

Kuu 

> 
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Table IV ( continued ). 


1 

I 

Substance. 1 Formula. 

Line. 

Change 
in strength, 

1 

i 


Pi to p 2 . 


Change 
in molecular 
refraction, 
I?! to B 2 . 


Average 
rale of 
change, 

2>\-Pz 


Observer. 


Barium nitrate 

Lead nitrate 

)> » *■••••• 

„ j| ....... 

Mercurous nitrate. . . 
Phosphorous acid. . . . 

Sodium hydrate 

Ammonia 

Sodium carbonate . . . 

» » ... 
Hydrocyanic acid . . . 
Pot. selenocyanate. . . 

Selenic acid 

Selenious acid 

Formic acid ....... 


Acctio „ | 

J 3 i 

.j ji | 

H li I 

Propionic acid 

Butyric acid I 

Trichloracetic acid . . I 
Sodium formate. ... 


>, acetate 


Ba(N0 3 ) 2 . . 

a 

9-87— 4 *24 

44 *53 — 44 *45 

-0*017 

H 

Fb(N0 3 ),.. 

A 

31-03— 14-27 

52-43—51-21 

-0 070 

P 

»> * * * ' 

D 

35-94— 7-04 

54 *12-53 -32 

-0*027 

H 


»> 

34*6 — 11 *07 

53 *67—53 *12 

-0*023 


HgNOj .... 

a 

21-22-13-86 

35-87— 36-11 

+ 0*033 

Ghira 

HjPOj 

D 

73-69—30-66 

21 -29—22*09 

+ 0*019 

Zee 

NaHO 

A 

34 -7J -11 -43 

9-34- 9-31 

— 

, v.d.W. 

nh 3 

a 

34-80—13-40 

8 *70— 9 *03 

4 0*012 

0 

NasUCV... 

a 

10-30- 9‘32 

21 *33 -21 *95 

+ 0*089 

1 *i 

„ .... 

CL 

14-25— 5-93 

21*84-22*22 1+0*040 

H 

), .... 

I) 

2*23 — 0*095 

22-56-22-72 

+ 

KUHI 

HON 

KSeCN .... 

it 

J) 

100-0 —33-33 
43-5 —32-8 

10 -19-10 -21 
41-83-42-31 

4. 

+ 0*045 

B&B 

Zp. 

BoSeOj .... 

>» 

41-8 —27-3 

29 *79-29*39 

-0*027 


HjSbOj ...» 


30-0 — 23 ‘0 

20 -98—26 -84 

-0*018 


h 3 co 3 .... 

a 

83 -04—03 "01 

13-97—14-07 

+ 0*005 

Lan 

9> • • . • • 

D 

29-00 — 18*69 

14*02—14*00 

— 

Le Bl 

H,C 2 Oo.... 

a 

100-0 - 20*65 

21 *13-21*33 

+ 

Lan 

» *••• 

it 

100-0 —10*81 

21*14-21 *39 

+ 

Bam 

» •••' 

a 

5*2 — 0-057! 

21 -45-21 *45 

0 

Ki <fc HI 

it • . • • 

n 

100*0 —18-19 

21 *26-21 *43 

+ 

Le Bl 

h 6 c 3 o 2 .... 

a 

89-1G-67-27 

28-71—28-79 

+ 

Lan 

HgcA;} .... 

if 

100-0 —47-85 

36*22-36*10 

+ 

J} 

naA0 2 .. 

D 

30*11-14-13 

47 "60 — 47 -72 

+ 

Lo Bl 

JSaHCO*. .. 

A 

44*99-41-39 

16-60—16-63 

+ 0*008 

G- 

)i 

D 

8-72— 5*58 

17-07—17-09 

+ 0*006 

Le Bl 

mao*.. 

9) 

45*89— 5*41 

24-48-21-71 

1 + 0*005 

» 


What arc the conclusions to be drawn from this table ¥ 

1. It clearly and fully substantiates the old conclusion of one of 
the authors (Gladstone), that the molecular refraction of a dissolved 
salt or acid is the same, or nearly the same, whatever be the propor- 
tion of water. 

2, It shows that differences unquestionably do exist in many 
instances, but to a smaller extent than between solids and their 
solutions. To illustrate this, we may take the first three substances 
in the list. Of hydrochloric acid, we have an experiment showing 
the change of molecular refraction from 14*54 to 15*12, or 4 per 
cent. ; which is certainly far beyond the limits of experimental error. 
But this does not stand alone. It is supported by four experiments, 
made by two other observers with different apparatus, which give 
nearly the same ratio of refraction change, and always in the same 
direction, namely, that of increase. Moreover, an examination of the 
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wliolc data in Appendix I and Table I (p. 835) will make it evident 
that there is a gradual and fairly even progress from the lower to the 
higher figures as the strength of the solution is reduced. A similar 
deduction may be made from the observations on lithium chloride. 
With sodium chloride it is somewhat different ; no series shows any 
very marked change, but the cumulative evidence leads distinctly to 
the conclusion that the sodium chloride is affected by dilution, in 
the same way as hydrogen and lithium chlorides, though not to the 
same extent. 

3. The table shows not merely that in some cases at least there is 
a change on dilution, but that it has a chemical significance. This 
will be shown more fully in a subsequent section. 

On comparing the conclusions in the two previous sections, it will be 
seen at once that there is a close coincidence, and that the effect of 
additional amounts of water is merely a continuation, of the effect 
of water in first dissolving the salt or acid. 

In both cases, we find that certain salts or acids exhibit a decided 
change, while the majority of them are not very clearly affected ; 
those that show a marked increase in tho one table, show a marked 
increase in the other, and vice versd , and they appear in the same 
order. 

This will become evident on a detailed examination of the tables, 
but will be better shown by the following diagrammatic arrange- 
ment. As, however, the molecular refraction in these previous tables 
involves the molecular weight, and as that is not of advantage for 
our present purpose, we have drawn out the results graphically upon 
the basis of the specific refractive energy of the salts instead of 


their molecular refraction, that is instead of 



This 


has also the additional advantage that it is possible to bring our 
results together within more reasonable limits. 

Another important change has also been made. Instead of plotting 
the percentage of salt in solution, wo have transformed this into tho 
weight of water for one part of the salt in each solution, and thus, 
the amount of salt being preserved uniform, we can see more clearly 
what is the actual effect on it of varying amounts of water. 

In the diagrams, the ordinates represent the specific refractive 
energy of tho salts or acids whether solid, liquid, or in saturated 
or weaker solutions. The abscissas represent the proportionate 
amount of water, and the first that is plotted after zero indicates 
the specific refractive energy of the substance in saturated or nearly 
saturated solution. This is joined to the refractive energy of the 
anhydrous compound, but it must be borne in mind that the dotted 
lines are not intended to represent any continuous change in refrac- 
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tion, but merely to connect the specific refractive energy of the solid 
salt with that of the same salt when it is dissolved in a minimum 
of water; from the nature of the case, there is no intermediate 
term. The continuous lines afterwards do represent the action of 
more and more water in modifying the refraction as revealed by the 
experiments. 

The whole of the results might have been put on one very long* 
diagram, but they would have interfered with each other, and it was 
thought more convenient and more instructive to break it up into 
four shorter and simpler diagrams, according to the nature of the 
compounds. 

Diagram I gives chlorides. 

Diagram TI gives bromides and iodides. 

Diagram III gives nitric acid and nitrates, to which have been 
added two other salts of analogous composition. 

Diagram IV gives a series of sulphates, single and double. 

A few substances are omitted from these tables, generally on 
account of shortness of range. 

These four diagrams agree in showing clearly that the greater 
portion of a refractive change takes place in the passage from the 
solid or liquid to the dissolved condition. Where, however, this is 
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Diagram II. 
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considerable the change is continued, as more and more water is 
added, in the same direction, but decreasing in amount, until in very 
dilute solutions it approximates to uniformity, and appears in the 
diagram simply as a straight line, in the majority of cases, how- 
ever, this change on passing from the saturated to ike weak solution 
is small, and in many cases it is scarcely pcrcoptiblo. In that 
case it may be considered within the limits of experimental error. 
Iu another aspect, however, the curves exhibit a remarkable con- 
trast. Generally speaking, the diagrams of the halogen compounds 
show a series of refraction changes by water, in the direction o± 
increase ; very large in the upper part of the diagram, but very 
small in the lower part. The diagram of the nitrates shows a 
moderate increase in the acid itself, but a striking decrease with 
the salts of the heavy metals, whilst the diagram of the sulphates 
is notable for an almost entire absence of any marked refraction 
change all along the scale. 
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If we study the diagrams mou m ditul, we obsuvo the following 
facts 

Diagiam I Tht CMoi ides— By fai the gieatosfc lefraction change 
is with the hydiogen compound, and we are able to obseivo that 
superiority, both m the diffeience between tlie anhydious compound 
and the dissolved acid, and m the subsequent effect of diffeient 
amounts of watei With the lithium salt, we have not the means oi 
observing the change between the solid and the dissolved condition, 
but we may note the sharp curvature produced b> successive 
dilutions With the sodium salt, on the rontiary, what we see is 
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the great change on first dissolving, which of course cannot reveal 
itself as a curve, and which seems to have nearly exhausted the 
power of the salt to change in refraction through the further actio u 
of water. The potassium salt shows a very slight decrease, the 
rubidium is nearly constant. If we turn to the diatomic metals, the 
magnesium, calcium, strontium, and barium salts all show an 
increase on dilution, and so does cobalt. When, however, we turn to 
those salts in which more than two atoms of chlorine are joined with 
a metal, namely iron, gold and platinum, we have, on the contrary, a 
remarkable decrease of refraction on dilution. 

Diagram IL Bromides and Iodides. These show a close analogy 
with the chlorides. The two hydrogen compounds show an action of 
water similar to that of hydrogen chloride, although not to so great 
an extent. The two potassium salts show an increase of specific 
refractive energy on passing from the solid to the dissolved condition, 
with no very perceptible change afterwards. 

Diagram III. Nitrates . — Here again wo find that the anhydrous 
acid when gradually mixed with water increases its refraction till it 
has combined with about four times its weight of water, after which 
it looks as though there were a slight decrease. 

The lithium compound exhibits a similar kind of action, though 
to a much smaller extent. The sodium and potassium salts show 
little or no change through the continued action of water. The 
barium salt shows a decided decrease, and so do the lead and silver 
salts to a still greater extent. 

Diagram IV. The Sulphates . — Hydrogen sulphate shows a close 
analogy to hydrogen nitrate, though to a smaller extent ; a sudden 
rise when a little water is added to the anhydrous acid, a gradual 
curve upwards, and after that a slow decrease. The other sulphates 
generally show little, if any, change of refraction attributable to 
water, beyond the bringing of three indices of refraction into one, 
which is sometimes a little above and sometimes a little below tho 
mean value of tho three. 

We have hitherto not inferred to two striking exceptions, the 
cadmium and the ammonium salts. According to do Muy nek’s ex- 
periments, both the chloride and bromide of cadmium show at first 
a decrease of refraction, and afterwards a rather rapid increase. Tho 
two curves are very similar 1 in form, and unlike any other on the 
halogen diagrams. The cadmium nitrate and sulphate show a rapid 
increase in refraction on dilution, in opposition to other salts of the 
same acid radicles. As the ammonium chloride heads Diagram I 
with practically a horizontal line, it is in striking contrast with, its 
neighbour, hydrogen chloride, which shows the greatest amount of 
change. Ammonium iodide is also at the top of Diagram II, followed 
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by hydrogen bionude and hydrogen iodide, and exhibiting a gi eater 
contrast, for it absolutely shows a decrease from both the initial 
md the subsequent action of watei 
The following diagiam, V, enables us to study the tefraction change 
of acids m solution tai bettei thin we can in the sopaiate diagiams, 
and to rata oduce obseivations on other acids 


DlA-GBAW Y 



854 GLADSTONE AND HIBBERT : MOLECULAR REFRACTION 


From this diagram, we see clearly the enormous change o£ refrac- 
tion due to the action of water on the halogen acids, hydrogen chloride 
being fax* the most affected, followed by hydrogen bromide and hydro- 
gen iodide. The next in order is unquestionably nitric acid ; sul- 
phuric acid is much lower. At a considerable distance come the 
organic acids. The difference in these is strikingly shown in the 
diagram by the horizontal line for acetic acid, which crosses the 
rising curve of hydrogen chloride. Yet there is a certain resemblance 
in the form of these curves. They show a quick rise at the com- 
mencement, then a rather sharp bend, and finally a horizontal line. 
The difference is mainly in proportion ; the rise in the case of acetic 
acid is only about one twenty-fifth part of what it is in hydrogen 
chloride. The acetic acid has attained its maximum when it has 
mixed with about 1 mol. of water ; the inorganic acids require very 
much more. 

Formic acid shows a curve quite similar to that of acetic acid, and 
the short curve of propionic acid indicates a close resemblauce. The 
short line of trichloracetic acid, is, as far as it extends, of the same 
form as that of acetic acid itself. 

In the case of nitric, sulphuric, and acetic acids, there is, perhaps, 
a maximum, and then a slight descent. 

Hydrofluoric acid has a specific refractive energy of only about 
0*115, so that it could not be included in the present diagram. The por- 
tion of the curve hitherto examined does not show either rise or fall. 

Effect of Change of Temperature . 

We have already stated that any slight differences in the tempera- 
ture of the solutions in Appendices I and II produces so small an effect 
that it may he taken as negligible.* Our principal experiments on 
ill is point were as follows. The figures in tho last two columns arc 
for the lino a ; MR and MR give respectively tho molecular refrac- 
tions by the old and by the Lorentz formula?. 

The different values for the molecular refraction of water at the 
different temperatures were taken into account in calculating out the 
results. It is evident that there is not much difference in refraction 
produced by the rise of 55°, or thereabouts, of temperature, especially 
with the stronger solutions. What small change there is seoms 
generally to be in the direction of a fall at the higher temperatures. 
It must also be borne in mind that the difficulty of determining the 
refractive index at a particular temperature is greatly increased when 
that temperature is so much above that of the room. 

* Wtdlner, long ago, practically showed this in his experiments on solutions of 
zinc chloride. Yan d. Willigen also gives many observations on solutions at different 
temperatures. 
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Salt. 

Per cent. 

Temp. 

M.K. 

3MC.B. 

Hydrochloric acid 

21 1 

23°*0 

14-48 




— 

77-0 

14*29 

— 



7*6 

22 \0 

14*57 

— 



— 

77*0 

14 22 

— 

Lithium 

chloride 

48*5 

48*0 

14*23 

8*298 

jj 


— 

80*0 

14*25 

8*261 

99 


39*8 

28*5 

14*45 

3-352 



— 

74-2 

14*48 

8-376 


,i 

26*8 

20*5 

14*81 

S-557 



— 

82*5 

14 84 

8-572 



19*09 

20 '0 

li-75 

8*600 



— 

75 -0 

34*65 

8*545 



12*74 

21 *0 

14*90 

8 *689 



— 

77 *6 1 

1 14*76 

8*619 



6*93 | 

24*0 

1 14*99 

8 *747 

>9 



— 1 

75*5 

14*76 

8*594 

Sodium chloride 

26*41 

21 *5 

15*68 

9*126 

99 

ji 

i 

77 *0 

15 *72 

9*198 



8*32 l 

22 *0 

15*84 

i 9 *250 

11 

ii ........ 

- 

78 *0 

15 *47 

1) 067 

Magnesium sulphate. 

21 -85 1 

22*0 

24*05 

13-607 

ii 


— 

79*0 

23*98 

13-587 


!> ..... 

<1 

7*9 I 

23*0 

24-13 

13-590 

99 

— * l 

80*5 

24*05 

13*535 

Cobalt chloride 

26 -35 ' 

21 *0 

33 -20 

1 18*989 



— 1 

60*0 

33*20 

19 074 

ji 


10-5!) 1 

18*0 

32*29 

18*398 

» 

99 ......... 


73*6 

32 *01 

18-310 


In connection with a possible change of refraction by change of 
temperature, the following experiment on solutions of sodium chloride 
at very low temperatures will be interesting. The columns speak 
for themselves. In determining the molecular refraction of the salt 
at the different temperatures, Damien’s values for the refraction of 
water at those temperatures were taken. 
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From these observations, it will be impossible to affirm that there 
is any variation in the refraction, either in the two different strengths 
or at the varying temperatures. There is also no indication of any 
particular change about zero or -H 4°, the tempei*atures which have a 
special significance in the case of pure water. 

Alternative Formula . 

It may naturally occur to the reader that the small differences 
recorded in this paper may be due to the formula employed in the 

n — 1 

reduction of the experimental data, namely, -j ; and that if the 

tp — 1 

Lorenz formula keen Ilse< ^ iastead, these differences 

might have become smaller or disappeared entirely. 

Now, in cases where the refractive indices of the compounds com- 
pared differ widely, as in the comparison of gas with liquid, the 
two formulae give very different relative results. But where the 
indices are nearly the same, as in the cases here examined, the two 
formulae, though giving different absolute values, furnish very nearly 
the same relative results. We have occasionally thought it worth 
while to calculate out some of our data by the Lorenz formula, but 
have found that it did not affect the general conclusions. Instances of 
this are given in the preceding section on the effect of change of 
temperature. 

The same remarks will apply to such modifications of this formula 
as have been suggested by Ketteler and others. 

Analogies between Refraction Change and other Phenomena* 

a. Befraotion Change and Specific Refractive Energy, — The general 
relation is quite evident on a glance at the diagrams. In the upper 
part of the diagrams, where iho specific refractive energy is greatest, 
there is the greatest increase on dilution. In the middle part, there 
is not much change, and in the lower part, the refraction decreases 
on dilution. There are exceptions to this, some of which will be 
afterwards considered. 

The neutral zone between rising and falling change seems to be in 
about the same place with the chlorides, nitrates, and sulphates, say 
20 to 24 on the scale of ordinates. 

b. Refraction Change and Combining Proportion. — In 1870, it was 
pointed out that if those metals which form soluble salts be arranged 
in the order of their refractive energies, it will be seen that, with few 
exceptions, they are in the inverse order of their combining propor- 
tions— not their atomic weights, and that this “clearly points to 
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some connection between tlie power of a metallic element to saturate 
the affinities of other elements, and its power to retard the lays of 
light,” Phil. Trans., p. 27. 

In a lecture at the Royal Institution in 1877, this observation was 
somewhat extended, and it was shown that in regard to the univalent 
metals hydrogen, lithium, sodium, potassium, rubidium, silver, 
caesium, and thallium, the specific refractive energy is, roughly 
speaking, inversely proportional to the square root of the combining 
proportion. The figures are not very exact, the specific refractive 
energy of sodium being too small. 

Turning to the refraction change, we find it far the greatest with 
hydrogen, and in descending order come lithium, sodium, rubidium, 
potassium, and silver or caesium, nearly the same as that given 
above. These belong to the first column in MendeleefPs arrange- 
ment 

If we turn to the second column, we find its members giving a 
lefj action change which is considerable in calcium and in strontium 
and less in barium. In MendeleefPs column 8, we have iron, gold, 
and platinum, each of which shows a decided fall. 

Tn column 7 are contained the thiee halogens, chlorine, bromine, 
and iodine, while in our diagrams chlorine compounds show the 
greatest change, bromides showing somewhat more than the iodides. 

Hence it appeal’s that members of the same natural family of 
elements have special resemblances in regard to the property wc are 
considering as well as in other respects. 

This is further shown by the exceptional behaviour of ammonium 
chloride, which, although it stands at the top of Diagram I, and 
above hydrochloric acid, shows no change in refraction either on 
solution or dilution. It therefore is quite out of order with the 
chlorides of the univalent metals. But it must he remembered that 
ammonium is nol a metal, although it plays the part of one. 

c, Dispei si on of Light . — It has been shown that variations in dis- 
persion accompany variations in refraction, and it would seem not 
unreasonable to expect that if water should so modify a salt as to 
produce an increase or decrease in the refraction of one particular 
ray, it would produce a corresponding increase or decrease in the 
refraction of any other ray. If so, the change in specific dispersion, 

— T j , should be proportional to the change in the specific refrac- 
tive energy of A or H, or any other line in the spectrum. It was 
observed, however, as far back as 1887, that the dispersion equi- 
valents of the chlorides, bromides, and iodides of potassium and 
sodium in solution were greater than what the dispersion of other 
salts of the same bases would seem to warrant; and in 1891 very 
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rapid advance in dispersion was clearly shown in regard to the 
halogen acids and nitric acid. 

Onr additional data afford some means of testing this, both on 
solid and liquid compounds as compared with the same substances 
in solution, as well as between different strengths of solution. Tt is 
evident, however, that to measure this change will require the best 
experiments and the widest range of lines observed in the spectrum. 
On the other hand, it may be remarked that the experimental eiTors 
are practically reduced to those which occur in measuring the two 
lines, as changes in strength of solution, density, or temperature are 
excluded. 

In the following table, we give the molecular infraction and dis- 
persion of two salts in the solid and the dissolved condition ; sodium 
chloride, which shows the greatest rise on solution, and lead nitrate, 
which shows the greatest fall. In the case of sodium chloride, the 

molecular dispersion is reckoned for the A and H lines — P ; 


in the other case, we have only the data for the shorter range 

r 7l “• 



Sodium chloride. 

Lead nitrate. 


Mol. ref. 

Mol. disp. 

Mol. ref. 

Mol di bp. 

Solid 

11*0 

0 SO 

no *oo 

2*45 

Saturated solution 

13 *0 

1*13 

5 3 li 

2 10 


In the case of sodium chloride, the increase in molecular dispersion 
between the solid salt and the salt in saturated solution is as much 
as 31 per cent., instead of tho bare 7 per cent, showti by refraction. 

In the case of lead niti*ate, tho decrease in the molecular dispersion 
is 14 per cent, instead of 6. 

Our tables give little opportunity of judging of tho change of dis- 


Per cent, 
in 

Lithium chloride. 




solution. 

Mol. ref. | 

Mol. disp. i 

Ratio. 

39*52 



0-067 

25*87 




U- 53 




10*03 



0*068 
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persion, as compared with the refraction change, at different degrees 
of dilution. The best instance is that series of lithium chloride in 
which the lines A and H are measured. 

In this case, the dispersion seems to increase about pari passu with 
the refraction. 

d. Magnetic ’Rotation . — It is well known that there is an analogy 
between the molecular refraction of a substance and its power of 
rotating the plane of polarized light. Now, as Dr. Perkin has deter- 
mined the rotation of several acids and salts in aqueous solution at 
different strengths, we are able to test the question whether the 
analogy also holds good in this case. 

In making this comparison, it must be borne in mind that Perkin 
gives his results for different percentages of the compound in solu- 
tion, and it is for the molecular refraction that they are calculated 
out ; hence his observations are comparable with our series as given 
in Table I, and Appendix I. The changes in molecular rotation have 
hitherto been found almost always larger in amount than the corre- 
sponding changes in refraction. 

As to the halogen acids, Perkin shows that in the cases of hydro- 
chloric, hydrobromic, and hydriodic acids, the molecular rotations 
found for the pure acids, first rise as tho solution is diluted and then 
become practically stationary. It would appear, also, that the change 
is proportionally much greater with hydrochloric than with hydriodic 
acid, hydrobromic taking an intermediate position. All this agrees 
with what we find in the case of the molecular refraction of these 
acids in solution. 

As to lithium chloride, Perkin remarks that aqueous solutions of 
this salt behave in a manner analogous to solutions of hydrochloric 
acid, and a comparison of the numbers given shows that the change 
is comparatively quite as great. Here, again, we have a close agree- 
ment. 

In regard to sodium chloride, Perkin states that “ in the presence 
of water, it does not increase in rotation to nearly the same extent 
as hydrochloric acid does.” He shows, moreover, that the rotation 
of the salt when dissolved in water is much higher than when it is 
in the solid condition os rock salt. In both these respects, the refrac- 
tion changes are of the same kind. 

In the case of nitrates, on the^pntrary, there is an apparent dis- 
crepancy between the two phenomena. Nitric acid shows a very 
distinct decrease in rotation on the successive additions of water, 
whereas there is an increase in refraction, at all events till the 
strength is reduced to somewhere about 25 per cent. After this, the 
rotation is fairly constant. 

With lithium nitrate, there is, at first, a decrease in rotation 

VOti. 1XVII. 3 M 
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against the slight increase in refraction, bat, afterwards, a slight 
decrease in both. 

In the case of sulphuric acid, there is a steady, though small, 
decrease in rotation on the continued addition of water ; whereas, in 
the refraction, there is a moderate increase at first, and, afterwards, a 
tendency to decrease. Both properties remain much more uniform 
on continued dilution of the acid than in the case of the halogen 
compounds. 

Eonnic, acetic, and propionic acids in solution show no change by 
the further addition of water, either in molecular rotation or refrac- 
tion. Here, again, therefore, we have a remarkable similarity. 

Taking a broad view of the above summary, it will he seen that there 
is some correspondence, both when a change does occur and when it 
is absent. 

Bearing on the Qen&raX Question of Refraction Equivalents . 

The results arrived at during this investigation explain to a con- 
siderable extent the difficulties experienced by one of the authors 
(Gladstone) in deducing the refraction equivalents of metals and 
other elementary substances from solutions of salts containing them. 
At the same time they point out improvements in the method of 
arriving at such equivalents. In the 1869 paper, it is said of the 
tabulated differences between long series of salts, they “ are suffi- 
ciently near to show that we are dealing with a reality, but they are 
sufficiently wide apart to show that we must rely upon the average of 
the numbers, and not on any single experiment, if we wish to get a 
refraction equivalent true to the first place of decimals. Unfortu- 
nately all experimental errors fall upon this residuary number.” 
The refraction equivalents arrived at independently by Kanonnikoff 
for many of the same elements by means of solutions do not exhibit 
a very satisfactory agreement with those just referred to. 

This is not to be wondered at when we find that the refraction 
equivalents of many dissolved salts vary somewhat according to tho 
strength of the solution, and may vary still more from that of tho 
anhydrous salt, whilst at the same time other salts containing the 
same metal will not vary to a perceptible extent. 

Attention was especially drawn in early days to the case of hydro- 
gen in the halogen acids, which was stated to have an equivalent 
somewhere about 2*2 greater than in the organic acids, and inter- 
mediate values in nitric and snlphuric acids. 

Again, in determining the actual value for potassium, which was 
the starting point for the metals in general, deductions from the 
chloride, bromide, and iodide were omitted, from the conviction that 
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they gave values which were too high. Kanonnikoff went further, 
and, making no use of the haloid salts, he drew his conclusions solely 
from the nitrates, sulphates, and organic compounds of the metals. 
This difficulty is perfectly explained by the great influence which 
water exerts on these acids, and, to a minor degree, on most of their 
salts. 

Now we are in a position to lay down the following principles 
which should guide in any future revision of these refraction equiva- 
lents where derived from salts. 1st, The anhydrous salt itself (or its 
hydrated crystal), when it can be obtained free from the influence 
of double refraction, should be taken in preference to its aqueous 
solution; 2nd, if deductions are made from aqueous solutions, it 
should be ascertained whether there is any appreciable difference in 
refraction according to the amount of water. If not, it may be 
assumed that the dissolved salt has practically the same refraction as 
the anhydrous salt. If, however, there be a change, the calculation 
should he made from the strongest solution, and the direction and 
nature of the dilution curve will give a good idea as to whether the 
true value should be in excess or deficiency, and also some idea of 
how much. 

In this way, no doubt, we shall arrive at much greater accuracy 
than has been hitherto attainable. 

Bearing on Theories of Solutitm. 

The course of this investigation has led us more and more to the 
conviction that we were not dealing with salts or acids merely 
liquefied by the solvent and diffused through it. The many forms 
assumed by this refraction change, them evident dependence on the 
chemical and electrolytic nature of the substances dissolved, and the 
fact that different parts of the spectrum are unequally affected in 
solutions of different strengths, can scarcely he explained on any 
other supposition than that wo are dealing more or less with new 
substances, produced by the interaction ot the salt and its solvent. 
We have been observing, in fact, a mixture, not of two, but of several 
compounds, vaiying in their relative amount according to the propor- 
tion of water added. 

Under these circumstances, there is no improbability that the 
changing chemical composition of the solution should roveal itself by 
alteration in its effect on the velocity of light. No argument can he 
drawn from these phenomena against the correctness of the law that. 

the specific refractive energy — of a substance remains the same 

notwithstanding great changes of physical condition, and that “the 

3 m 2 
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specific refractive energy of a mixture is tlie mean of the specific 
refractive energies of its constituents ” (Phil. Trans., 1870). On the 
other hand, the results afford abundant indications of the general 
correctness of the law. 

It may therefore he fairly expected that the phenomena described 
will throw some light on the controversies of the day as to the 
condition of salts in solution. As to the nature of the changes which 
we have been watching, we have not been able to satisfy ourselves, 
and we feel that there are several questions which require fuller 
investigation. These questions include — 

1. How far is this refraction change dependent on the solvent 

used P 

2. How far is it an additive effect as between acid and basic 

radicles ? 

3. What is the meaning of the positive and negative change? 

Does it indicate opposing properties or is it differential ? 

4. Why does not dispersion change pari passu with refraction ? 

5. Is this refraction change confined to electrolytes ? 

There are, however, some points on which we are prepared to give 
an opinion. 

The Hydrate Theory. — We have little doubt* of the existence of 
hydrates in solution, but our experiments do not give any clear 
evidence of them. In hydrated crystals, the salt and the water of 
crystallisation have the same specific refractive energy as though they 
were not combined, and though we have looked for coincidences 
between probable hydrates in solution and changes of curvature in 
our diagrams, we have not found any that we could distinctly 
iccogni&e. 

Decomposition into Base and Acid. — It has been suggested that 
JSTaOl, for instance, is converted by H 2 0 into HOI and NallO, more or 
less. Our results are opposed to this, for it is evident that such a 
reaction cannot tako place with HOI itself. Yet the refraction 
change on dilution is evidently the same phenomenon in the case of 
NaOl, Lid, and Hd, the acid, in fact, showing it most strongly. 

Gaseous Properties. — Whatever may he tho evidence from other 
sources that a substance extended through a largo amount of solvent 
gradually assumes the properties of a gas, our experiments show that 
this is not the case with its influence on light. Our having employed 

the - ^ formula, enables us to form some opinion on this subject. 

The specific refractive energy of a vapour or gas is appreciably less 
than that of the same substance in the solid or liquid condition. The 
values obtained for dissolved salts in no case show diminutions com- 
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parable with what would be obtained with vapours, while in most 
cases they are of an opposite order ; that is, they increase instead of 
decreasing. 

Electrolytic Dissociation . — There is no doubt that whether the views 
which have been advanced by van’t Hoff, Arrhenius, Ostwald, and 
others are correct or not, they have served as a connection between 
many different physical and chemical properties of electrolytes. To 
this group of properties must now be added the refraction change 
here described, for hydrochloric, hydrobromic, hydriodic, nitric, 
sulphuric, formic, acetic, and propionic acids follow one another in 
the same order, and are of about the same relative magnitude as 
when we are dealing with electric conductivity or chemical affinity 
(Diagram V). 

There is also a qualitative resemblance between the curves of 
specific refraction and of electric conductivity in the case of nitric 
and sulphuric acids, when they are plotted according to the per- 
centage composition, but this matter requires more detailed observa- 
tion, and we propose to return shortly to the subject. 

We therefore reserve final judgment on the cause of this refraction 
change till our investigations have been extended. 


The general conclusion is that when a salt or acid dissolves in water, 
the law of permanency of specific refractive energy, notwithstanding 
change of physical condition, does hold good ; but that in many, if 
not most, cases there is some circumstance which causes a slight 
departure from it, while with the “ strong acids ” the departure is 
very considerable. This change takes place principally in the initial 
stage of solution of the solid or liquid compound, hut in many cases 
a small further change is discernible as more and more water is 
added, but this becomes inappreciable as a balance is arrived at. 
This change in some oases is in the direction of an increased refraction, 
especially in the haloid salts and the acids ; in other cases, especially 
the nitrates and salts of low refractive energy, the change is in the 
opposite direction. 

In either case, the dilution effect is in the same direction as that 
due to solution. In a few oases, where the dispersion was capable of 
being estimated, the change in it was proportionally greater than the 
change in the refraction itself. 

The origin of this refraction change is at present obscure ; but it 
probably arises from some gradual change of arrangement in the con- 
stituents of the salt or acid under the influence of water ; and there 
are clear indications of some connection between the amount of this 
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change and the amount of the specific refractive energy of the salts 
themselves, and also their combining proportions. It stands also in 
some relation to the phenomena of electric conductivity, and especially 
to those of the magnetic rotation of polarised light. 


Appendix I. — Molecular Refraction of Salts in Solution , previously published, on 
calculated from the Refractive Indices of Solutions given by various observers . 



* Series marked fey an asterisk have been curtailed. 
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Appendix I — continued. 


Salt. 

%• 

Line. 

R. 

Obs. 

ZnCk 

38-98 

A 

30*59 

vd¥ 


31*50 

99 

30*68 

9) 


23*0 

99 

31*03 

it 

CdOlg 

57*52 

B 

36*09 

deM 


41*55 

99 

35 *92 



29*98 

99 

35 *93 


» 

14-78 

it 

36 *14 

91 

nh 4 ci 

24*83 

A 

22 *19 

t d W 


19 *68 


22*18 

99 

JJ • • • . . 

14*51 

» 

22*20 

99 

» • • • • • 

11-79 

99 

22*14 

99 

HBr 

63-59 

F 

20*80 

a 

M •••••*• 

56*00 


21*03 


99 

39-71 

99 

21*17 

99 

it *•••••• 

24*60 


21-52 

99 

it "*•••• 

13-47 

11 

21*83 

99 

LiBr 

9*28 

a 

21 *05 

Weg 


5*81 

it 

21*01 

99 

99 

4*02 

99 

20-90 

99 

Mr 

45*2 

red 

22*09 

Kr & Br 

» •••*•* 

28*87 

it 

22*27 

99 

a •••••• 

31*02 

a 

21*83 

Weg 

99 

20*44 

it 

21*88 

99 

•••••* 

11*96 

91 

21*88 

99 


4*95 

it 

21*89 

99 

KBr 

I 37*7 

red 

25 *60 

Kr & Br 

» •*••••• 

23*2 

tt 

25*63 

91 

» • 

10*82 

a 

25*17 

Weg 

» • * 

8*57 

99 

25 *21 

99 

33 

5*01 

it 

25*21 

99 

CaBr* 

55*9 

red 

44*01 

Kr ABr 

99 • 

38*9 

u 

44*78 

99 

SrBrj* 

48*56 

» 

47*29 

99 

33 «•••••• 

32*20 

91 

47*21 

99 

BaJBr 2 .. .... 

50*50 

red 

53*07 

99 

33 •••«•• 

33*60 

H 

53 ‘04 

99 

CdBr s 

33*29 

B 

49*37 

doM 

33 ••••■• 

23*97 

99 

48*78 

99 

33 •«•••• 

20*55 

99 

48*93 

99 

33 •••«•• 

11*98 

99 

49*75 

9) 


Salt. 

%■ 

1 

Line. 

R. 

Obs. 

Lil 

10*54 

a 

31*90 

Weg 


5*90 

99 

31 *85 

99 

99 

3*08 

99 

31*88 

9J 

Nal 

14-70 

a 

32*85 


99 

9*28 

99 

32*93 

99 

99 • • 

6-25 

99 

32*93 

J* 

KI 

55*05 

red 

36*26 

Kr & Br 

99 •••••••* 

37-09 

99 

36*48 


99 •••••••• 

55 *12 

a 

36*06 

Bam 

99 * 

44*22 


36*31 


11 •*•••••• 

39-70 

99 

36-22 

99 

It 

23*44 

99 

35*54 


99 •••«••«• 

18-70 

99 

35*61 

99 

79 **•••••• 

20*04 

JJ 

36*17 

Weg 

99 •••••■•• 

15*12 


36*14 




10-27 

99 

36-26 



5*01 

>9 

36-29 

'9 

hno 3 

98-70 

A 

16*22 

a 


69*60 


16*38 


99 •••«•• 

43*10 


16*81 



69*18 

I) 

16*64 

LeBI 

99 ■••••* 

40*52 

99 

17*19 

99 

99 ♦♦«••• 

28*66 

99 

17*42 

99 


14*09 

99 

17*55 

99 

NsdJOs 

44*35 

A 

IB *53 

vdW 

99 •»* 1 

39*19 

99 

18*52 

99 

91 

33*89 

99 

18*56 

99 

99 • • • • • 

26*28 

99 

18*52 

T9 

99 

16*86 

99 

18*53 

9) 

99 

42*9 

99 

18*78 

Far 

9) * •• •• 

21*23 

99 

18*74 

19 

AgNOi 

57*87 

99 

27*47 

91 

99 

29*01 

99 

26*89 

99 

99 

15*82 

99 

26*32 

99 


21*3 

a 

27*23 

Kan 

99 

13*51 

I 

99 

27*06 

19 

HgNOrf.J 

21*22 

99 

35*87 

Oliira 

1 

99 • « • 

13*86 

99 

36*11 

91 

Fb(NOj)j . . 

31*65 

A 

52*43 

For 

» •• 

14*27 

99 

61*21 

99 

Cd(N0 3 ) s »* 

54*03 

B 

30*86 

deM 

99 •••• 

43*72 

99 

30*99 

99 

99 

30*90 

91 

31*06 

99 


+ Dissolved in very dilute nitric Mid. 
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Appendix I — continued. 


Salt. 

E9 


B. 

Obs. 

Salt. 


■ 


Obs. 

Cd(NOj) 3 ... 

21-35 

D 

31*44 

deM 

MgS0 4 

1*47 

3) 

24*14 

K 1 &H 1 

39 • ■ • 

14-90 

99 

31*81 

»» 

91 • • • * • 

0*75 

99 

24*12 

99 

IS • •• 

8-68 

13 

32-03 

>s 

9) 

0-63 


24*32 

i) 

H*PO, .... 

73*69 


21 -29 

Zee 

99 •••'* 

0-31 

3) 

24-26 

99 


80*66 

99 

22-09 

93 

ZnS0 4 

1*58 

99 

27*10 

99 






99 

0*79 

99 

26*98 

99 

H 5 SO 4 

94*72 

A 

22-36 

yaw* 


0*066 


27*12 



91-43 


22-19 


0-033 

99 

27 08 



85-93 

31 

)3 

22*27 

13 

39 • * • • * 

39 



71*97 


22-31 


Soda alum . . 

21 -39 

99 

241-2 

Or 

99 

63-69 


22*54 








66*25 

31 

22-35 

It 

Am m. alum. 

8*83 

93 

256*8 

a 


47*22 

33 

22-48 

39 







38*78 


22-58 


NaHO 

34*74 

A 

9*34 

v aw 


23-29 


22-52 



18*5 


9*36 



15*82 

S3 

22-33 

33 


11*45 

99 

9-31 



94-33 

99 

22*97 

Hd&Ws 

99 

>9 




88-10 

33 

23*11 

31 

N^C0 3 .. .. 

16-30 

99 

21-66 

a 


81*19 

33 

23*25 

11 

» • • • • 

13*77 

99 

22-02 

99 


73*51 

n 

23*06 

3) 

13 •••• 

10-50 

99 

22*18 

99 

v *•••■• 

64-91 

a 

23-08 

31 

99 •••• 

9*32 

99 

22-46 



55-22 

33 

23*17 

11 

13 *••• 

2-25 

D 

22*56 

Kl&Hl 


44-22 

33 

23*43 

*9 

99 • • • • 

1-13 

99 

22*68 

99 


31-62 

33 

23-50 

33 

39 •••• 

0*57 

99 

22-52 

39 

»* •••••• 

17*05 


23*80 

33 

99 • • • • 

0-095 

99 

22*72 

99 

M •••*•• 

94, *11 

D 

22-23 

LeBl 







79-68 


22-42 


nil 

34-80 

A 

8*76 

a 

w ••••*• 

•••••• 

60*98 

W 

22-50 

33 


33 -40 


8*95 



35*77 

99 

22*62 

33 

99 ••••••• 

21*40 

99 

9*06 

a 

fl *••••• 

21-68 

” 

22-74 

33 

99 *•••••• 

19 *92 

99 

8*88 

99 

M •••*•• 

JJ 

10-10 

» 

>> 

22-88 

31 

39 

31 »•••••• 

99 *•«•••• 

13*40 

99 

99 

9-03 

99 

99 


4*78 


22-82 







» *••••• 

2*35 

33 

91 

22*90 

K1&H1 

KSoCT .... 

43-55 

1) 

41-83 

Zp 

99 

1*77 

» 

22-86 

19 

33 • • • • ! 

32-77 

93 

42-31 

99 

ft 

1*195 

13 

22-76 

19 







0*60 


23 *00 


H«Se0 4 . . . . . 

41*8 


29-79 


» •••**• 

0*075 

33 

33 

23-39 

99 

99 


27-3 

13 

99 

29*39 

99 

99 

if ••••*«' 

0*050 

93 

23*28 

19 






» •••**• 

0*025 

91 

23-0 

>9 

ll^SeO). .. .. 

30-6 

1 99 

26-98 

99 






19 • ♦ * • • 

23-0 

99 

20*84 

99 


10-51 

A 

26*20 

v dW 






w •••*• 

9*55 

33 

26*28 

99 

on a 

100*0 

a 

13*92 

Lan 


8*8 

33 

26*08 

99 


83-64 

1 ” 

13-97 

99 

M •••■• 

6*8 

33 

26-14 

39 

>9 ••••• 

71*88 

99 

13-90 

99 


14*10 

33 

1 24-32 

For 


63-01 

99 

14*07 

99 

99 »•••• 

7-19 

33 

23-88 

99 

19 *•«** 

29*06 

i> 

14-02 

LeBl 


25*51 

D 

26*30 

LeBl 

93 ••••• 

18*69 

1 

i 99 

14*00 

99 


6*46 

99 

| 26-45 

99 






99 

4*76 

33 

' 26-23 

99 

ffaHC0 2 ... 

44-99 

' A 

16-60 

< 3 c 


1 


1 


„ . .. 

41-39 

r 

16*63 

91 

1 


* Scries marked by an asterisk liave been curtailed* 
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Appendix I — continued . 



* Series marked by an asterisk liavo been curtailed. 


Appendix II . — List of Authorities referred to , with the Abbreviations 
Ubed in the Tables . 


Bd& W.... 

B1 

Br 

B&B 

Dam 

Dus. ....... 

F 

(Mura 

g 


Bedson and Carleton Williams, Brit, Assn . Report, 1881, 155 
(Balts, solid and dissolved). 

Bleekrode, JProc. Roy. Soc 37, 339 (liquefied gases). 

Brewster, JEncy. Britt., Optics (silver nitrate). 

Bubsy and Buignet, Ann. Chim. JPhys., 1864, [4], 3, 231 (hydro- 
cyanic acid). 

Damien, Am. ficole Bom., 1881, [2], 10, 233 (acetic acid and 
potassium iodide). 

Dussaud, Arch Se. Genfae, 1892 (sodium chlorate). 

Forster, Arch 8c. Ger&ve, 1878 (salts). 

Ghira, Gazzetta, 1894, 24, i (mercurous nitrate). 

Gladstone, J. Ghem. 8oc., 1865, 18, 108 (rock salt, &c.) ; JProc. Boy. 
Soc., 1868, 16, 439 (salts, acids, &c.) j JPhil. Trans., 1870, 160, 
9 (salts and acids, &c.) $ JPhil. May., 1885 (alums ) ; J. Ghem. Soc., 
1891, 59, 589 (acids and salts). 

Gladstone and Dale, Brit. Assn . Report, 1863, 12 (solutions). 
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Appendix II — continued. 



Hd & W*. .. 
H 


Q-ladstouc and Perkin, J. Chem. Soc., 1889, 55, 750 (correspondence 
u ltli magnetic rotation)* 

Haagcn, Ami. Phys. Chem,, 1867, 331 (rook salt). 

Hallwachs, Ann. Phys. Chem., 1894, 53, 1 (acids and salts). 

Handl and Weiss, Wien. Per., 1858, 30 (sulphuric acid). 

Hibbert. 


K 

K1&H1... 

Kr &Br .. . 

Lan .. .... . 

Le B1 

Mma ....... 

deM...... 

N 


Perr.. 

Ru... 

Sch .. 
S..,. 

T&C 
Tut .. 


Weg..,. 
v. d. W.. 


Wull 
Zee . 


Zp 


•Tanovsky, Wien. Per ., 1880, 82, 148. 

Kanonmkoif, J pr. Chem., 1885, [2], 31, 321 (potassium sul- 
phate, &c.). 

Eohlrausch and Hallwachs, Ann. Phys. Chem., 1894, [2], 53, 14 
(density of solutions, &c.). 

Eremersand Beer, Ann. Phys. Chem., 1857 (various salts). 

Landolt, Ann. Phys. Chem., 1862, 117, 853 (organic acids). 

Lc Blanc, Zet t. physihal. Chem., 1889, 4, 553 (acids and their soda 
salts). 

Mascart, Compt . rend., 1878 (gaseous halogen acids). 

de Muynck, Ann. Phys. Chem., 1894, [2], 53, 559 (cadmium salts). 

Nowton, Opticks , 2nd Book, Part 3, Prop. 10 (rock salt). 

Perkm, J. Chem. Soc., 1886, 49, 777; 1889, 55, 680; 1893, 63, 67; 
1894, 65, 20 (magnetic rotation). 

Perrofc, Arch. Sc. Gen&oe, 1890 (double zmo sulphates). 

Rubens, Ann. Phys. Chem., 1894, [2], 53 (sylvin). 

Schmidt, Ann. Phys. Chem., 1859, 107, 539 (salts). 

Schut*, Zext. physihal. Chem., 1890, 5, 4, 349 (sodium chloride). 

Soret, Arch. Sc. Genhve, 1884, 12, 553 ; 1885, 13, 5 ; 1888, 20, 517 
(alums). 

Topsoe and Christiansen, Tidenslc. Sehh , 1873, 9, 9, 025 (crystals). 

Tutton, J. Chem. Soc., 1894, 65, 628 (sulphates of alkalis). 

Wegner, Berlin, 1889 (haloid salts). 

v. d. Willigen, Arch. Mus. Teyler , 1868, 1, 74 and 161 (sulphuric 
acid and other solutions); Arch. Mm. Teyler , 1869, 2, 238 
(acids). 

Wullner, Ann. Phys. Chem., 1868, 133, 1 (zinc chloride). 

* Zeccluiii, Real Acad. Lincei , 1893, 31 (phosphorous acid). 

I Zoppellari, Uazzelta, 1891, 24, ii, 396 (selenium compounds). 


LXXXVIII . — Rate of Escape of certain Gases from 
Solutions of varying Concentration. 

"By Eikur Pim.n> Pjsrman, D*So. 

On exposing a solution of a gas to the air, the gas escapes more or 
less rapidly, the rate of escape depending on the pressure of tho gas 
in solution, on the extent of the surface of the liquid exposed to 
the air, and on the rato of diffusion of the gas. 

Suppose, now, a rapid current of air to he aspirated over the 
solution ; the gas will escape much more rapidly than before, for the 
diffusion will always take place into fresh, air. 

Again, let a rapid current of air be aspirated through the solution; 
the Tate of escape will depend in this case on the pressure of the 
gas in solution, on the surface area of the hubbies passing through 
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the liquid in a given time, and on the rate of diffusion of the gas. 
The bubbles will vary in size, but the average surface area of the 
bubbles passing through in equal intervals of time will be the same. 
This case is quite analogous to the one last mentioned, and with a 
rapid current of air, the diffusion of the gas practically always takes 
place into fresh air. 

The method of experimenting is as follows. A rapid current of 
air is aspirated through the solution, and the amounts of the gas 
drawn off in given intervals of time, as well as the amount left in 
solution at the end of the experiment, are estimated, usually by a 
volumetric method. A curve is then drawn by plotting the amounts 
of gas (in grams) in solution, against the time (in minutes) during 
which the aspiration has been carried on. A series of tangents to 
this curve are then drawn at certain concentrations ; the values of 
these tangents are the rates of escape of the gas at the concentrations 
selected. 

The rate of escape of the gas will be proportional to the pressure 
of the gas in solution, provided that the other conditions of the 
experiment remain unaltered, as they do. The rates of escape are 
plotted against the corresponding concentrations, and in some cases the 
result is a straight line, that is, the rate of escape is proportional to 
the concentration, and therefore the pressure of the gas is propor- 
tional to the concentration, or the law of Henry holds good for the 
gas in question ; in such oases the curve — amount of gas in solution 
against time — is that known as the logarithmic curve. The devia- 
tions from this law will be discussed later. 

By this method we can therefore find the solubilities of a gas in a 
liquid at different pressures ; the pressures being measured relatively 
to one another by the rates at which the gas is drawn off; the 
absolute pressures are not given by this method. The vapour- 
pressure of the solvent can be neglected. 

Apparatus * — The apparatus employed consisted of a series of five 
wash-bottles, arranged as shown in the diagram (Kg. 1). A con- 
tained water, and served to make up any loss in B due to evaporation, 
and at the same time to purify the air passing through it. B con- 
tained the solution of the gas ; it was immersed in a pan of water 
maintained at a constant temperature. C, D, and E contained 
water or some solution which would readily absorb the gas drawn 
off from B. Air was aspirated through the whole series of flasks 
by means of a water-air pump, and the constancy of the current 
was ensured by the arrangement, F. The pump was kept running 
at full pressure, so that air was drawn rapidly through the centre 
tube, a, 6, c, which was f in. in diameter. The pressure iu the 
upper part of the bottle was therefore always equal to the atmo- 
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spheric pressure minus that of the column of water, be . An experi- 
ment was conducted in the following manner. Air was drawn 
through tho apparatus for, say, 5 minutes (the time being noted by 
an ordinary watch with a second-hand) j the contents of the flasks, 
0, 33, and E, were then washed into a stoppered bottle, replaced by 
fresh water or solution, and the aspiration carried on for another 


Pig. 1. 



interval, and so on. At the end of the experiment the amounts of 
the gas which had been absorbed in C, D, and E were estimated, 
and also the residue in B. From the data obtained, the curve, Q, 
against t was constructed. The method of working will be best 
understood by the description of an actual experiment. 

Aqueous Solution of NH 3 . — Temperature, 16°, A solution was used 
containing 4*43 giyams 3STHj in *50 c.c. ; this quantity was placed in 
the flask, B, 50 c.c. water in 0, 25 c.c. in D, 25 c.c. in M, and 86 c.c. 
in A. Tho aspiration was carried on during regular* intervals of 
15 minutes each. 

After each interval, the contents of tho absorption flasks were 
transferred to a stoppered bottle, the flasks were recharged with 
the same quantities of water as before, the corks carefully adjusted 
to file-marks on tho flasks, and the aspiration recommenced. The 
titrations were usually carried out at tho end of the experiment by 
means of dinormal standard sulphuric acid solution, methyl-orange 
being used as indicator. 

The following numbers were obtained. 
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NH 3 drawn off. 

NH 3 in solution. 

4*430 gram 

Time from beginning. 
0 mins. 

0-5312 

gram 

3-899 

11 

15 

11 

0-4446 


3-454 

11 

30 

11 

0-3853 

u 

3-069 

11 

45 

11 

0-3497 

19 

2-719 

11 

60 

11 

0-3906 

11 

2-329 

11 

80 

11 

0-1776 

11 

2-151 

11 

90 

11 

0-25-21 

11 

1-899 

11 

105 

11 


By plotting tlie numbers in tbe second column against those in the 
third, Curve I, Fig. 2, was obtained. Tangents to this curve were 
carefully drawn at points on the curve corresponding to concentra- 
tions of 4*2, 3*8, 3*4, 3*0, 2*6, and 2*2 grams respectively in 50 c.c. of 
the solution, and the values were plotted against the amounts of 
ammonia in solution. The result is practically a straight line 
(Curve TI, Fig. 2, points marked -f). A second series conducted in 
exactly the same manner, gave points ©, which agree very closely 
with those of the first series ; the divergence at small concentration 
is explained by the uncertainty of the tangents at the ends of the 
curve. 


Fig. 2. — NU 3 solution. 



The values of Q cannot be expressed by any simple equation. 

As before explained, the values of the tangents are proportional to 
the gas-pressures, and therefore Henry’s law appears from these 
results to hold good for ammonia between concentrations of 48 grams 
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and 88 grams per litre. In order to test the validity of the law by 
this method, through the greatest possible range, concentrated 
ammonia solution was treated in a similar manner The Q t curve 
was quite smooth (Curve I, Fig. 3) ; it was re-drawn in two portions 
to ensure greater accuracy in drawing tangents, the values of which 
were then plotted on one curve (Curve II, Fig. 3). It is not straight, 
but deviates more and more from a straight line as concentration 
increases. The curve is, however, practically straight between any 
two points for which the concentration varies not more than 2 grams 
in 50 c.c. 


FiO. 3. — Concentrated NH 3 solution. 


p fLSr* s FI Zl 0T 8 9 f Z 



Possible Errors . — The pressure of the ammonia in the concentrated 
solution was so great that during the intervals in the experiment, 
while the flasks were being washed out, it was found necessary to 
leave the flask B open at the ontlet tube, otherwise the solution was 
driven rapidly up the long tube. An experiment was made to deter- 
mine the amount of this error, and it was fonnd by direct weighing 
that the loss of ammonia from the flask B containing concentrated 
ammonia solution, and left open at the outlet tube, was 0*02 gram in 
five minutes. The amount of ammonia drawn off, however, in the 
first five minutes was 2*4 grams. The error on the amount drawn 
off is therefore less than 1 per cent , and after one or two aspirations 
becomes inappreciable. 

Another error is caused by the varying quantity of ammonia in the 
upper portion of the flask B. In order to discover the extent of this 
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error, a flahk of the same capacity as the aspiration flask (350 c.c.) 
was connected with the absorption flasks on one side, and with the 
aspiration flask on the other. After five minutes* aspiration through 
concentrated ammonia solution, the amount of ammonia in the new 
flask was estimated and found to be 0*118 gram. Now, at the begin- 
ning of the experiment, before the aspiration has commenced, there 
will be 


NH 3 in solution. NH 3 

m upper part of flask 

NH 3 drawn off. 


fi 

0 

and 8 2 

after the first aspiration ; 

fi 

di 


now s 2 = — di + /i — fi 4 = s 2 + tli — fi + /a. 

If there are n aspirations, the total error in b X will be f x — /». In 
the case in question, this amounted to about 0*1 gram, but the total 
amount in solution was 15 grams ; the error is therefore very small. 
The errors on the rates at which the ammonia is drawn off are much 
less than this. 

A third error is caused by alteration of the concentration of the 
solution by evaporation daring the experiment. The vapour-pressure 
of the water in B is less than that in A, owing to the gas dissolved 
in it, but the alteration is inappreciably small, for the whole amount 
lost by A in five hours was only 0*6 gram. 

A dilute ammonia solution containing 2 grams of ammonia in 
50 c.c. was also used. It gave for the tangent curve practically a 
straight line from a concentration of 1*75 grams to 0*1 gram of 
ammonia in 50 c.c. (Curve I, Fig. 4). Below this concentration, the 
line must make a curve in order to reach the zero point. This means 
that when the solution is very dilute, the attraction between the 
ammonia and the water is relatively greater than in stronger 
solutions. 

NH 3 Solution in Quinoline { temp. 1G°). — A solvent was sought for 
on which ammonia could have no chemical action. Quinoline was 
chosen as likely to fulfil this condition : 50 c.c. were saturated with 
ammonia, and troated in the same way as the aqueous solution; 
quinoline also was substituted for the water in the flask A ; quinoline 
was found to be practically no u- volatile for the purposes of the ex- 
periment. The solubility of ammonia in this liquid is very small 
compared with its solubility in water. The rate of escape curve, how- 
ever, rises rapidly at the greatest concentrations in the same way as 
the aqueous ammonia curve (Curve II, Fig. 4). The formation of a 
hydrate may account for the enormously greater solubility of ammonia 
in water than in quinoline. 



874 


PERMAN: RATE OF ESCAPE OP CERTAIN GASES 



Chlorine and Biomine in Water (temp. 11°). — In aspirating air 
through solutions of chlorine and bromine, the error caused by the gas 
remaining in the upper part of the aspiration flask, especially in the 
case of bromine, was found to be very considerable, owing, no doubt, 
to the great density of the gas, to the small amount which can exist 
in solution, and to the low rate of diffusion of the gas. This flask was 
replaced, therefore, by another, shaped like a distilling flask; the 
capacity of the bulb was but little more than 50 c.c., and the waste 
space was thus rednced to a minimum. The gases wore absorbed by 
potassium iodide solution, which was titrated by means of standard 
solution of sodium thiosulphate. Chlorine is drawn off with great 
rapidity, and bromine somewhat less rapidly. The solution was entirely 
freed from the gas by half an hour’s aspiration. The time intervals 
were necessarily very short : two minutes at the beginning and four 
or five minutes at the end of the experiment. The rate of escape 
curve is a straight line in each case (Fig. 5). Henry’s law holds 
good, therefore, for these gases under the conditions of the 
experiment. 

Gaibon Dioxide in Water (temp. 11°).— An attempt was made to 
experiment cn carbon dioxide in the same way, but the difficulties 
were found to be very considerable, owing to the sparing solubility of 
the gas, and to the impossibility of absorbing it in a potash bulb 


0-15 0*80 0*45 o-eog. NHj 

NHg solution in quinoline. 


FROM SOLUTIONS OF VARYING CONCENTRATION. 


||BBBflBflBBBBBBBflBBBr.BBBBBflBBBBBBflBflflflrjBBflBijil 
■aBBBBBBBBBBBBB BPJBBBBBBBBBBBBBBBBrBBBBBBM 

PMMHn^MMm^BBBBBBBBBBBBBBBflfl^^HHIMN 

llllllllllllirillllllllBIIIIIIIIMIIIBIIIBl 
■BflBflflBflflflBflftflflflflflBBflflBflflflflflflflBBBBflBflflflflBH 
■BBBflBBBBflP^BBBfl BBBBBBBBBB BBBB'J BBBBB BBBBB^H 
M BBBBB BABBr. BBBBB IBBBB BBBBB BBBriB BBBBB IBABbIRI 
■jfBBBBBBBBFBBBBBB BBBBBBBBBB BflP>BBIBBBBBBBBBB||jjj| 
■■■■■■BBFBBBBBBB BBBBBBBBBB BFBBBBBBBBBBBBB^H 
iBBBBBBrBBBBBBBBBBBBBBBBBBrJBBB BBBBBBBBBBM 
■MMMMHM|iiiMMMMMMMBBflflBflflflBlH| 
5f?pBBHBB^THBBBWBBBHHHBBBBBBB«Bf3nBBBBB BBBBB BBBBB |?ifl 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB flBBBBllfl 
■BDB^BBBBBBflBBflBflflBBBBBrBlBflBBBflflflBBflflBBBH 

■B^flBBBBBBBBBBBBBBBBBB^BBBBBBBBBBBBBBBBBlH 

WbbbbbbbbBbbbbbbbbbbb^bbbbbbbbbbbbbbbbbbbM 


0-05 0‘1 

Chlorine water. 


0-15 0*2g Cl 3 0*4. 0*8 

Bromine water. 


1*2 1 *6 g. Br» 


without raising the pressure too much to be compatible with a regular 
current of air. The solution (400 c.c.) was placed in a 600-c.c. flask, 
and the loss of carbon dioxide on aspirating a slow current of air 
through it was found by direct weighing ; the air being passed first 
throngh a (J-tabe containing calcium chloride and soda-lime. A 
calcium chloride tube was placed between the flask and the regu- 
lator, and was weighed together with the flask. The other flasks 


Fia. 6. — Carbon dioxide solution. 
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were not used in this experiment. The pressure-concentration curve 
appears to be a straight line, although, the points are not very con- 
cordant (Fig. 6). 

Hydrogen Chloride in Water (temp. 14°). — Pure concentrated hydro- 
chloric acid was used; the gas drawn off was absorbed by water. 
The Q£ curve is at first curved, but soon becomes straight, because, 
after hours’ aspiration the acid distils over unchanged. The rate 
of escape curve is of a form entirely different from any of those given 
by other solutions; it shows a double flexure, and then becomes 
horizontal (Fig. 7). This gas is drawn off far more slowly than any 
other used, no doubt owing to the greater attraction it has for water ; 
ammonia comes next in order of slowness. 


Fig. 7. — Aqueous hydrochloric acid. 



Sulphuretted Hyd) ogen in Water (temp. 12°).' — A saturated solution 
was treated in the usual way, except that in order to prevent oxidation, 
a current of coal-gas was used instead of air. This was ob taine d by 
simply connecting the inlet tube of the flask A with a gas supply. 
The gas tap was carefully adjusted, and was then left untouched until 
the end of the experiment. The flask A contained dilate caustic soda 
solution to purify the coal-gas from any sulphuretted hydrogen that 
it might contain. The gas drawn off was absorbed by dilute caustic 
soda solution, and was estimated in the following wMurnfti* -The 
solution was dilated, acidified by hydrochloric acid, and an excess of 
standard iodine solution run rapidly in from a burette ; the excess of 
iodine was then found by a thiosulphate solution. The gas is drawn 
off very rapidly, and 1 min. intervals were used at the beginning of 
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the experiment. Henry’s law is shown to hold good for this gis 
(Curve I. Fig. 8). 


Fie. 8. 



Sulphur Dioxide in Water (temp. 12°). — A saturated solution was 
treated in exactly the same way as sulphuretted hydrogen. The gas 
was absorbed by dilute soda solution, and titrated by a standard acid 
solution. It shows considerable deviation from the law of Henry 
(Curve II. Fig. 8). This confirms the results obtained by Sims 
(Annalen, 1861, 118, 345), disproving those of Schonfeld, who came 
to the conclusion that this gas obeys Henry’s law. The results 
of the experiments on ammonia, and hydrochloric acid confirm those 
obtained by Roscoe and Dittmar (Annalen, 1859, 112, 349). These 
investigators employed much higher pressures than can be employed 
in the method now described. 

The pressure of a gas in a solution saturated at the atmospheric 
pressure will be this pressure minus the vapour-pressure of the 
solvent, and this is the highest pressure available in this method. 

The results obtained for carbon dioxide confirm those of Khani- 
koff and Luginin (Ami. Ohem. Fhys., 1867 [4], 11, 412), although 
they considered their work to disprove the law of Henry for this gas ; 
but it has been pointed out by several investigators in this field of 
research that the deviations they found were caused only by experi- 
mental errors. 


3 u 2 


0*4 0*8 1*2 1 *G 2 Og. SO.. 

Sulphur dioxide solution. 
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Summary and General Conclusions . — It lias thus been proved by a 
new method that the law of Henry holds good for chlorine, bromine* 
carbon dioxide, and hydrogen sulphide, when dissolved in water* 
whilst ammonia, hydrogen chloride, and sulphur dioxide show large 
deviations from this law. These results confirm those of previous 
investigators. The less soluble gases, hydrogen, oxygen, nitrogen, 
&c., cannot be examined by this method ; they were found to obey 
the law of Henry, by the discoverer of the law himself, by Bunsen, and 
others. On considering the behaviour of these various gases, it 
would seem very probable that the deviations from Henry’s law 
shown by ammonia, hydrogen chloride, and sulphur dioxide, are 
caused by the formation of compounds of these gases with water ; 
this idea is confirmed by the great solubility of each of these gases, 
and by the general chemical properties of the solutions. The 
departure from Henry’s law cannot he explained by the approach 
towards the liquid state of the gases at the temperature employed. 
Bromine showed no deviation from the law at 11°. The actual con- 
stitution of the molecules of these gases in solution is a matter for 
further investigation. 


Tables of Numekical Results. 


Concentrated NS* Solution. 


NBj in solution. 

Time from beginning 
of aspiration. 

15*19 grams 

o-o 

min. 

13-79 

» 

2-5 

rains. 

12-70 

S' 

5-0 


11-03 

s. 

10-0 


9-82 


15-0 

>* 

8-79 

n 

20-0 


7-47 


80-0 


6-41 


40-0 

■T 

517 

»• 

55-0 

. . 

4*24 

1* 

70-0 


2*97 


100-0 

7' 

1-72 

>1 

165-0 

»» 

1-27 


225-0 


1-078 

J1 

285-0 

tt 
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Dilute NH 3 Solution, 


JSTH 3 in solution. 

Time from beginning 
of aspiration. 

2*193 grams 

0*0 min. 

1*982 „ 

15*0 mins. 

1-779 „ 

29-5 „ 

1-604 „ 

44-5 „ 

1-383 „ 

67-0 „ 

1-349 „ 

97-0 

0"769 gram 

157-0 „ 

0-523 „ 

217-0 „ 

0-366 „ 

277-0 

0-196 „ 

398-0 , 

0-099 „ 

578-0 ,. 

Chlorine Wetter. 

Ol. in solution. 

Time from beginning 
of aspiration. 

0'311 gram 

0 min. 

0-125 „ 

2 mins. 

0-051 „ 

4 „ 

0-021 „ 

6 „ 

0-005 „ 

10 „ 

0001 „ 

14 „ 

Bromine Water . 

Br s in solution. 

Time from beginning 
of aspiration. 

1*882 grams 

0 min. 

1-325 „ 

2 mins. 

0-973 gram 

4 „ 

0-591 „ 

7 „ 

0-267 „ 

12 „ 

0*112 „ 

17 „ 

0*029 „ 

27 „ 

( 70 a 

Solution in Water . 

CO» in solution. 

Time from beginning 
of aspiration. 

0*85 gram 

0 min. 

0*64 „ 

2 mins. 

0-49 „ 

4 „ 

0-35 „ 

6 „ 

0-25 „ 

8 „ 

0-15 „ 

12 „ 

0-05 „ 

22 „ 
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Aqueous Hydrochloric Acid . 


HOI in solution. 

Time from beginning 
of aspiration. 

17*906 grams 

0 min. 

17*788 „ 

15 mins. 

17*692 „ 

30 „ 

17*588 , 

45 , 

17*377 „ 

75 „ 

17*145 „ 

115 

16*865 „ 

180 „ 

16*663 „ 

240 „ 

16*462 „ 

300 „ 

16*050 „ 

420 „ 

EtS Solution in 

TFaier. 

HoS in solution. 

Time from beginning 
of aspiration. 

0*1898 gram 

0 min. 

0*1365 „ 

1 „ 

0*0975 „ 

2 mins. 

0*0693 „ 

8 n 

0*0489 „ 

4 „ 

0*0250 „ 

6 „ 

0*0051 „ 

11 „ 

0*0003 „ 

21 „ 

SO z Solution in Water. 

SOj in solution. 

Time from beginning 
of aspiration. 

2*569 grams 

0 min. 

1*802 „ 

2 mins. 

1*308 „ 

4 - . 

0*993 gram 

6 „ 

0*600 „ 

10 „ 

0*372 „ 

14 „ 

0*156 „ 

22 „ 

0*071 „ 

30 „ 

0*020 , 

46 „ 


University College , 

Cardiff. 
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LXXXIX . — The Dissociation of Chloride of Gold. 

By Thomas Kikke Rose, D.Sc., A.R.S.M. 

This investigation was undertaken in order to obtain information as 
to the dissociation of trichloride of gold, and also to endeavour to 
explain the somewhat contradictory results already published by 
various experimenters on the relations between gold and chlorine. 
It has been repeatedly affirmed and denied that AuC 1 3 readily vola- 
tilises, and the temperatures at which the chlorides of gold are 
formed and decomposed have also been variously stated by different 
observers. 

In the course of the work, the pressure of dissociation of gold 
chloride at different temperatures up to 332°, and the effect on this 
pressure of the removal of all traces of moisture were observed. 
The volatility of gold trichloride in chlorine at various temperatures 
up to 1100°, and the rate of decomposition of both chlorides in air at 
various temperatures were also examined. 

The first reference to the volatility of gold chloride appears to 
have been made by Robert Boyle, who describes experiments 
(Philosophical Works of Robert Boyle. Abridged by Peter Shaw, 
M.D., London, 1738, 1, 263 and 377) in which he and his assistants 

dissolved gold in a moderate heat, with a sufficient quantity of the 
menstrmm peracutum (which consists of spirit of nitre, several times 
drawn from butter of antimony), and having carefully decanted the 
solution into a retort, we very gently, in a sand-furnace, distilled off 
the liquor .... The liquor being abstracted, we urged the 
remaining matter by degrees of fire ; and in no stronger an one than 
may easily be given in a sand-furnace, a considerable quantity of the 
gold would be elevated to the upper part of the retort, and would 
fasten itself to the top and neck in the form of a yellow and reddish 
sublimate. Sometimes we had the neck of the retort enriched with 
numerous large, thin, red crystals, very like rubies, and glorious to 
behold, which would run in the air per deliquium . Bor can I see any 
cause to doubt that, by the reaffnsions of fresh menstruum upon the 
dry calx of gold which remains behind, the whole body of the metal 
may be easily made to pass through the retort.” It should be noted 
that in this singularly interesting early experiment, the atmosphere 
inside the retort at the time of the sublimation must have mainly 
consisted of chlorine. Boyle also did not overlook the fact that 
these sublimed crystals could be shown to contain gold by various 
tests. 
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In the present century, but over 50 years ago, Mr. Lewis 
Thompson, in a paper read on November 1, 1838 (Jour. Soc. of Arts , 
1840, 53, part 1, 16), observed that his method. of purifying gold 
“ is founded on a circumstance long known to chemists, viz., that not 
only has gold no affinity for chlorine at a red heat, but that it 
actually parts with it at that temperature, although previously com- 
bined ; that is to say the chloride of gold is reduced to the metallic 
state by heat alone [and] it cannot, therefore, possess any affinity for 
chlorine when red hot.’* 

In a report appended to Mr. Thompson’s paper by Mr. Arthur 
Aikin, who experimented on the same subject, it is stated that u in 
all the first trials the button of gold was found to weigh considerably 
less than before the process, and the accidental breaking of one of the 
tubes showed that in the part directly over the button several globules 
of gold adhered, having probably been thrown up thither by the 
ebullition of the alloy (of gold, with silver, copper, &c.) when the 
chlorine was first passed over it. Having thus discovered the canse 
of the failure, the process was twice more repeated, taking care to 
give only a low red heat in the beginning, and to pass the chlorine 
slowly. With these precautions, the button of gold remaining at the 
end of the process was found to he exactly equal to its original 
weight, as shown by a balance that indicated well to the l/200th part 
of a grain.” 

In 1867, Mr. F. B. Miller (Trans., 1868, 6, 606) described his 
process for the separation of silver and other metals from gold by 
means of a current of chlorine passing through the molten alloy, the 
success of the process depending on the extremely small volatility 
shown under these conditions by gold alloyed wifch silver. Hoberts- 
Ansten proved (First Mint R&port , 1870, 93) that the presence of 
copper cbd not increase the loss of gold. 

In 1868, Prat ( Compt . rend., 1870, 70, 840) stated that if a 
current of gaseous chlorine is passed over any chloride of gold 
heated u suitably,” a volatile chloride is obtained, which can be con- 
densed and collected in the form of a liquid which contains more 
chlorine than does gold trichloride. 

Experimenting on the same subject, Debray (Oomph rend*, 
1869, 69, 984) found that at 200° gold trichloride is decomposed 
with the formation of metallic gold and gold monochloride, and 
above this temperature with the formation of gold and chlorine. If 
chlorine is passed over gold leaf which is being gradually heated, 
thep, as the temperature rises, the gold is covered with a coating of 
the chloride far below 300°; but it is not until a temperature of 
nearly 300° is reached that volatilisation of the chloride begins to be 
sensible. The volatilised chloride can be condensed in voluminous 
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long needles in the cool part of tbe glass tube, the gold trichloride 
being kept from dissociating by chlorine vapour at atmospheric 
pressure. 

In examining these statements in 1887, Kriiss (JBer., 1887, 20 , 
211 — 213) obtained results which were considerably at variance with 
them. He placed precipitated gold, which had been dried at 180°, 
in a glass tube heated in an air-bath, passed a rapid stream of dry 
chlorine through the tube and heated it gradually, beginning at the 
ordinary temperature. At 140° to 150°, he observed the formation of 
red-brown fumes, a slight yellowish-red sublimate was formed, and the 
gold was converted into the red-brown anro-aurichloride, AuCl, Au01 3 . 
At 180° to 190°, this was decomposed, and greenish gold mono- 
chloride, AuCl, was left behind, and a little trichloride was volati- 
lised. At 220°, the AuCl was decomposed and a little trichloride 
was sublimed with the evolved chlorine ; the Bublimate consisted of 
shining reddish-brown needles, which were shown to consist entirely of 
AuC 1 3 . It was collected in a cool part of the tube and subsequently 
dissolved in water and analysed. On heating from 220° to above 
300°, no further change was observed, and on cooling similar appear- 
ances were observed, in reverse order, at the same temperatures as 
before. From no less than one hundred repetitions of the process, 
only 0*12 gram of the trichloride, AuCl 3 was sublimed and condensed 
from a length of 30 to 35 cm. of the powdered gold. From these 
experiments, Kriiss concluded that both Prat and Debray were 
mistaken in thinking that gold chloride is readily volatilised at 
moderate temperatures. He observed, however, (Her., 1887, 20 , 
2641), that at 1100° continuous, though slow, distillation of gold 
chloride could be effected by passing a current of chlorine over 
metallic gold; he states that this sublimation begins at 1000°, 
although chloride of gold is completely decomposed at 220°. 

Lindet subsequently (Butt. Soc. Chim., 1888, 49, 450) showed 
that while gold trichloride begins to dissociate into the monochloride 
and chlorine at 175°, the completion of the operation is slow, so that 
a stream of chlorine passed over metallic gold at 200° to 220° gives 
an ultimate product consisting of : 


Gold in the state of AuC 1 3 65*0 per cent. 

Gold in the state of AuCl 13*5 „ 

Gold not attacked , 21*5 „ 


Finally, S. B. Christy (Trans. Am- Inst of Mining Engineers, May, 
1888) in the course of an investigation into the causes of loss of gold 
in the chloridising roasting of auriferous ores, made a number of 
experiments on the rate of volatilisation of gold in a current of damp 
chlorine. He heated buttons of pure gold in clay dishes in a nraffio 
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furnace and passed a stream of chlorine through a pipe-stem, the 
bowl of which loosely covered the gold button. Under these 
circumstances the gold buttons always lost weight, the greatest loss 
being observed at 250°. 

A. Smithells has lately shown (Phil Hag., 1895, 39 , 131) that “ in 
presence of abundance of chlorine, gold chloride may be formed at a 
red heat, and so emit its characteristic spectrum.” 

It will be seen from these results how little the various statement 
confirm each other. 

Pressure of Dissociation of Gold Trichloride . 

The limited chemical action investigated is expressed by the 
equation AnCl^AuCl 4* Cl 2 . 

The chloride of gold was prepared by heating finely divided gold 
in a current of dry chlorine. 

The chlorine was generated from hydrochloric acid and manganese 
dioxide in the earlier experiments, and from sulphuric acid, salt and 
manganese dioxide in the later ones, the formation of the gas being 
more easily regulated when obtained in this manner. The gas thus 
obtained was passed successively through three wash-bottles con- 
taining a solution of sulphate of copper to free the gas from hydro- 
chloric acid and chloride of manganese, and was then dried by sul- 
phuric acid and subsequent passage through some JJ -tubes filled 
with calcium chloride, and then through one filled with phosphoric 
anhydride. The P 3 0 5 tube was added for the reason given by Kruss,. 
who states (Ber., 1887, 20 , 212) that a stream of gas, dried by 
sulphuric acid only, causes gold chloride to be completely dissolved. 
In the latter experiments, sulphuric acid only was used for drying 
the gas, two Winkler’s tubes, and one LM 11 ^ 6 filled with pumice- 
stone moistened by sulphuric acid being employed. The drying 
apparatus proved adequate for the purpose, as the current of gas 
passed through it had no apparent effect on dark-red anhydrous 
crystals of AuCl s . 

The purified and dried chlorine was tested at intervals by ascer- 
taining to what extent mercury had power to absorb it. After 
agitation with mercury for fifteen minutes, the residue was usually 
about 5 per cent, of the original gas. In view of Shenstone’s results 
(Trans., 1892, 61, 449), it may he assumed that part of this residue 
was chlorine, but as no perceptible absorption of the residue by 
water could be observed, it is also probable that it consisted chiefly 
of air, the presence of which was of no moment. 

The gold nsed was precipitated, washed, and dried at about 200° 
with the precautions observed in preparing the very pure gold used. 
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in the Royal Mint, in connection with the gold bullion assay, and 
was 1000 “fine.” In the first series of experiments, the finely 
divided metal was dropped into the “gold chloride” tube shown in 
Fig. 1 , and the tube then closed by the glass stopper, and heated 
at 180° in a slow stream of chlorine, which was at first completely 
absorbed. The chlorine was prevented from entering the manometer 



by the 3-way tap, which has a mercury cup and communicates 
with the “ waste tube.” The “ gold chloride ” tube was a little more 
than half filled by 1 J oz. of precipitated gold, the quantity usually 
employed. The resulting chloride was in the form of dark-red 
shining plates and needle-shaped crystals which consisted chiefly of 
gold trichloride, AuCI*. Since the active mass of a solid is con- 
stant, it is immaterial what excess of AuCl may be present, provided 
that some AuCl 3 (indicated by its ruby colour) is also present. 

The chlorine contained in the chloride was enough to fill the tube 
(which is 10 ins. long and | in. in diameter) many times over at 
atmospheric pressure. Only about four-fiths of the tube was healed 
in the oil bath, but this was of little consequence, as the pressure 
would be the same in different parts of the apparatus, although the 
composition of the gaseous atmosphere might be different. The 
thermometer used was a mercury one filled with nitrogen 5 its read- 
ings were subjected to the usual corrections. 
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The communication b ft t* ten the heated tube and the manometer 
wa« thiongh two U"^ n ^ eC3 (Fig- 1), one of which contained sniphunc 
acid to keep the chloi ne fi om passing fuitker and to act as a gauge , 
whilst the other contained solid potash to absorb such chlorine as 
might pass through the acid, and so piotect the meicuiy of the 
Sprengel pump and manometei It was found that 25 mm of 
sulphunc acid above the meicurj m the manometer was not enough 
of itself to piotect it from the action of an atmosphere consisting 
mainly of chloime, so that when the manometer was put m direct 
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commxmication with the heated tube the results were not so exact. 
For very low pressures, the amount of sulphuric acid in the gauge 
was reduced to the smallest possible amount, but generally it was 
more convenient to keep about 30 mm. in each leg of the U -tube. 

Measurement of the Pressure . — The arrangement of barometer and 
manometer, shown in Fig. 2, was suggested to me by Prof. Ramsay. 
Both tubes are furnished with air-traps, and the manometer and 
the upper part of the barometer are made from pieces of the 
same tube to avoid errors due to capillarity, whilst both dip into 
the same mercury vessel. These tubes are 12^ mm. in diameter. 
The graduated mirror placed behind and parallel to them is 3 ins. 
wide and 1 metre long, divided into millimetres, parallax being 
avoided by bringing the mercury and its image in a line with the 
eye. It is not difficult with this arrangement to read to the tenth of 
a millimetre with unassisted vision. The pressure inside the- 
apparatus is the difference between the two readings. The correc- 
tion for temperature — 0*000173 It. — had to be applied to this 
difference. 

The upper part of the manometer tube opens into a 4-way tube, 
leading to the Sprengel, to the dissociation apparatus, and to the 
notch-cock (used to admit air) respectively. In place of the notch- 
cock an ordinary stop-cock and a fine capillary tube was used in 
some of the experiments. 

For pressures above 760 mm. a JJ -shaped mercury manometer of 
ordinary form, having both limbs open above and graduated in milli- 
metres, was used ; in this case, the sulphuric acid gauge was dispensed 
with, the dissociation tube being put in direct communication with 
the manometer. 

Method of Operating . — When a vacuum had been attained, the- 
level of the sulphuric acid in the two limbs of tbe gauge was made 
the same, and kept so by the notch-cock and Sprengel during the 
progress of the heating. The oil-bath was heated to a definite tem- 
perature which was maintained until the pressure showed no further 
appreciable variation ; this usually took place in about 20 minutes, 
but occupied a shorter time at high than at low temperatures. After 
taking readings, the Sprengel was started and the pressure reduced 
by from 10 to 20 mm. ; tbe manometer was then again allowed to 
become stationary, so that if at any point the maximum pressure 
first observed was not restored it might be at once apparent. The 
temperature was then again raised and made constant, and a series 
of readings thus obtained. Finally the apparatus was allowed to 
cool, and the pressures again noted at various points; in general, 
these were higher than those noted with an ascending temperature, 
the differences being especially marked if the cooling had been rapid. 
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By slow cooling, however, and long waiting, readings only slightly 
higher tban those previously recorded were obtained in some cases, 
so that the reaction seems to be completely reciprocating within the 
limits of temperature investigated. 

The results obtained are given in the following table, and in tho 
form of a curve in Fig. 3. 


Temperature. 

Pressure. | 

Temperature. 

Pressure. 

70° 

O'O mm. i 

218-0° 

212 mm. 

116 

9-0 

224-0 

306 

140 

15-0 

240-5 

522 

160 

30-0 

| 248-0 

682 

165 

38-5 

1 251-0 

755 

174 

51-0 

258-0 

893 

180 

67-5 

266-0 

1021 

191 

98-0 

273-0 

1218 

'200 

138-0 

278-0 

1354 

207 

161-0 




These are not single results, but the means of a number of fairly 
concordant ones. Other intermediate results were also obtained; 
for example, at 137° pressures of 15 mm. and 14*6 mm. were 
observed ; at 138° a pressure of 14*8 mm. ; at 139° a pressure of 
14' 7 mm; at 140° pressures of 15*7 and 15*3 mm.; at 142° pressures 
of 16*0 and 17*0 mm. From these insults, the pressure of 15 mm, at 
a temperature of 140° is taken for the table and the curve. 

The results, of course, show the maximum pressures correspond- 
ing to varions temperatures when equilibrium is established. It 
must be noted that the pressures given are not the true pressures of 
dissociation, but the sum of the partial pressures p and p h where 
p as the pressure of dissociation, and pi = the vapour pressure of 
gold chloride. 

The starting point of 70°, at which trichloride of gold is supposed 
to begin to dissociate," is somewhat arbitrarily chosen. At 66°, and 
at all lower temperatures, no pressure could be detected ; at 74° the 
pressure is quite perceptible, but is less than 0*5 mm. ; at 84° the rate 
at which chlorine is evolved in a vacuum is more than three times that 
observed at 74°, and the pressure is apparently between 1 and 2 mm., 
but the apparatus is obvionsly unsuitable for measuring very low 
pressures. 

The observation of a pressure of 755 mm. at 251° is one in which 
special confidence may be placed, as this was confirmed several 
times, the temperature being on two occasions maintained for over 
three hoars. Under these conditions attempts were made to obtain 



BOSE : THE DISSOCIATION OP CHLORIDE OP GOLD* 889 


a sample of the gases in the hot part of the dissociation tabe. For 
this purpose, the stop-cock lealmg to the chlorine generator was cnt 



off, a partially exhausted flask was affixed by stout rubber tubing to 
the narrow tube leading from the bottom of the u gold chloride 99 tube, 
and the stop-cock of the flask was momentarily opened and then 


TEMPERATURE 
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closed. - It was hoped that by the rash of gas into the flask, any 
chloride of gold existing in the state of vapour would be carried over 
as dust, even if it were condensed by being cooled. It was assumed 
that this expectation was realised, and the flask was found to contain 
on one occasion 0 0587 gram of gold and 0*0919 gram of chlorine ; 
and in the case of another experiment 0 0576 gram of gold and 
0*1001 gram of chlorine. If the whole of the gold was present in the 
state of trichloride, as might be expected from Kruss’s results, and 
those with the hot and cold tubes described below, this would corre- 
spond to the presence in the vapours at 251° of 1 mol. (Au01 s ) of 
gold chloride to about 3J mols. of chlorine. 

These numbers are made use of in the calculations given sub- 
sequently (p. 893), by which the pressures of dissociation at different 
temperatures are theoretically deduced. 

Experiments at Higher Temperatures . — In these experiments, the 
gold chloride was enclosed in the horizontal part, a, of a glass tube 
bent as in Fig. 4, and sealed at both ends. The part, a, containing 



the chloride was heated in an air hath ; the bent part, b , was partly 
filled with sulphuric acid, and the internal pressure was observed by 
noting the compression of the gas in the part of the tube marked c. 
The whole tube was filled with chlorine and the sulphuric acid 
saturated with it before the ends were closed. 

The results were as follows. 



Fig 
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Temp. 

Pressure. 


286° (the chloride now melting 

1*81 atmospheres. 

and bnbbling) 

1-85 


290 

99 

295 

1-92 

91 

300 

21 

99 

303 

2-25 

15 

306 

240 

11 

308 

2-50 

91 

312 

2-58 

11 

316 

2*72 

H 

328 

3-58 

19 

331 

3-95 

59 

332 

4-1 

99 


The accompanying curve, Pig. 5, shows both these results and 
those at lower temperatures. The dotted curve is obtained by 
calculation as explained below. It will be seen that while the 
agreement between the curves, obtained by observation and calcula- 
tion respectively, is fairly close for all temperatures below the melting 
point of the chloride, the curves diverge above that point. This was 
to be expected, the constants being no doubt altered by the change in 
the physical state of the substance. 

Calculation of the Pressure of Dissociation . — The pressure of disso- 
ciation can be calculated from the well-known formula 

0*002 log* p + L/T = 0*0405 

(given by H. le Chatelier, Ann . des Mines , 1888 [8], 13, 211), in 
which jp sss pressure in kilograms per square metre ; L = latent heat 
of dissociation (or of vaporisation) ; T = absolute temperature. 

It is practically impossible to measure the latent heats of dissocia- 
tion and vaporisation of AuC 1 3 at the temperatures employed ; these 
values can, however, be calculated approximately from the data 
obtained at 251° by using the equation given above. 

Thusp (vapour pressure of AuCls) = 178/760 X 10333. 

^'(tension of dissociation of AuC 1 3 = 577/760 x 10333. 

T = 524°. 

By substituting these values in the equation, it is found that 

L (latent heat of vaporisation) = 13*05 cals. 

1/ (latent heat of dissociation) = 11*82 „ 

By substituting these values in the equation (and assuming them 
to be unchanged throughout the range of temperature within which 
the experiments were made), the results given in the following table 
are obtained. 
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Tempera- 

ture. 


Pressure 

p'- 

in mm. 

P + P‘- 

Calculated 

Observed. 

70° 

0*2 

1*5 

1 

1*7 

0*0 

115 

2*0 

11*0 , 

13*0 

9*0 

140 

6*0 

27*0 

33*0 

15 *0 

160 

18*0 

54*0 

67-0 

30*0 

180 

25*0 

980 

123*0 

67*5 

200 

46*0 

171 *0 

217-0 

138*0 

224 

90*0 

312 *0 

1 402*0 

306*0 

240 

137 0 

153*0 

1 390 *0 

522 *0 

248 

165*0 

538*0 

1 703-0 

682*0 

251 

178 *0 

577*0 

755*0 

755*0 

258 

210*0 

670*0 

, 880*0 

893*0 

266 

250*0 

790*0 

1040*0 

1021 *0 

273 

295*0 

910*0 

1205 *0 

1218*0 

278 

330*0 

| 1000*0 

1330 *0 

1354*0 


Tempera- 

ture. 

Pressure in atmospheres ; i.e., values oip + p\ 

Calculated. 

Observed. 

286° 

2*1 ( 

, 1*81 

290 

2*2 

1 1*83 

300 

2*7 i 

i 2*1 

312 

3*4 

1 2*58 

332 

4*8 1 

i 4*1 


The comparative want of agreement between the calculated and 
observed values of the total pressure at temperatures from 140 — 240° 
would be explained if the maximum pressures of dissociation had not 
been attained between these limits. The agreement, however, is much 
closer below the melting point of the chloride than above it, as has 
been already pointed out. 

Uffect of the Removal of Moisture on the Pressure of Dissociation . — 
The following experiments were made at the suggestion of Professor 
Armstrong, who thought it probable that perfectly dry chloride of 
gold would not show fixed pressures of dissociation, for the reason that 
dry chlorine would perhaps not combine with dry gold. 

The tube shown in Fig. 6 was substituted for the one previously 
employed. The gold was placed in the tube and the latter then 
drawn out at a. The bulbs 6, b contained P 2 0 5 , and the tube was 

3 o 2 
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heated in the oil bath up to the line c, c. Gold chloride was then 
formed inside the tube as before, and the pressure of dissociation 
observed at a few temperatures, with the result that the previous 
values were confirmed. TLe tube was then exhausted and the 
vessel heated continuously at 180 — 200° during six weeks, some of 
the atmosphere of chlorine being pumped out occasionally. It was 
hoped that the traces of water contained in the gold chloride tube 
would be distilled off and be retained by the phosphoric anhydride. 
It was also expected that practically no moisture would pass through 
the sulphuric acid gauge, but even if it did, the air in the tubes on 
the other side of the gauge would also be eventually dried and the 
passage of moisture stopped. All the tubes were heated at intervals 
by a moving Bunsen flame. The pressures of dissociation subseq uently 
taken were as follows. 


After drying for 14 days . — 
Dned 

Temperature. chloride. 

194° 86 mm. 

After drying six weeks : — 

177*5° 42 mm. 

204*0 101 „ 


Pressure. 


a 

TJndried chloride 
(from curve). 
108 mm 


59 mm. 
ISO „ 
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The pressures given by the dried chloride were only reached after 
several hours heating, whilst those of the undried chloride were 
attained in less than an hour. The dryness of the chloride of gold 
seemed, therefore, to retard in a marked way the attainment of the 
maximum pressures of dissociation. 

The question was then approached from the opposite direction. 
The gold chloride in the tube was heated to about 270°, and the 
vessel kept partly exhausted until no more chlorine could be re- 
moved. The exhaustion was then completed, the vessel allowed to 
cool, and filled with chlorine which had been in contact with phos- 
phoric anhydride in a glass flask for six weeks. The transfer was 
made through a glass tube which had been exhausted, and then heated 
for some time ; the stop-cock closing the flask was open for a moment 
only, when a rush of gas into the tube containing the gold took 
place, and the pressure in it was found to have been raised to over 
600 mm. 

The apparatus was then heated, and a rise of pressure occurred 
due to expansion of the gas by heating, until the temperature reached 
about 75° when the pressure began to diminish, although the rise of 
temperature was continuous. It was clear, therefore, that the chlorine 
was already being taken up by the gold. In half an hour from the 
time of introducing the chlorine, with the temperature at 220°, the 
pressure had fallen to 850 mm. The experiment was then stopped. 

The result shows that carefnlly dried chlorine readily attacks gold. 
Shenstone has already shown that it attacks mercury when very dry 
(Trans., 1892, 61, 451), and he suggested that the action of chlorine 
maybe conditioned not so much by the presence of moisture, although 
it has a distinct connection with this, as by that of traces of other 
impurities. 

Further investigation is required with perfectly pure dry chlorine, 
if it can be prepared, before the actions in which it takes part can be 
shown to take place according to Armstrongs theory of chemical 
change. 

I am indebted to Mr. H. Brereton Baker for advice regarding the 
drying of the vessels and gases. 

Experiments on the Volatilisation of Gold Chloride . 

According to Kriiss, gold can be volatilised in a stream of chlorine 
at 1100°, the action beginning at 1000°, although at 220° gold chloride 
is completely decomposed. Now both chlorides are formed at 
ordinary temperatures with evolution of heat, the heat of formation 
of dry AuOls being given by Thomsen as 22*8 cals, at 15°, and being 
calculated from the results given above as 11*8 at 251°. 
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But according to the law of the displacement of equilibrium with 
temperature, given by van’t HofE (Ifitudes des Dynamique Chimique, 
1884, 161, Amsterdam,), and subsequently extended by H. le 
Chatelier, every state of equilibrium between two different systems 
is displaced by a reduction of temperature towards that one of the 
two systems whose formation develops heat. It follows, therefore, 
that a compound in a state of equilibrium under constant pressure 
will be governed by the following laws. 

а. If it is formed with evolution of heat, then the higher the 

temperature, the more complete the dissociation of the com- 
pound will be. 

б. If it is formed with absorption of heat, then the higher the 

temperature, the greater the proportion of the compound that 
remains undissociated. 

Moreover, J. Moutier had previously proved by means of thermo- 
dynamics (Soc. Philomathique, 1877, 3rd Series, 1, 39 and 96) the 
following particular case of the law of the displacement of equili- 
brium : “ When action takes place under a fixed pressure, only one 
temperature exists for which the reaction is reversible : below that 
temperature the reaction always takes place with disengagement of 
heat ; above that temperature it takes place with absoiption of heat ” 
Here, as before, “reaction” stands for any change of physical or 
chemical state. 

Moutier showed that this principle afforded a simple explanation 
of the fact cited by Troost and Hautefeuille ( Gomjpt . tend., 1877, 
104, 946), that a number of compounds exist which can he formed at 
temperatures far above those at which they are decomposed, the only 
condition necessary to render the explanation valid being that these 
compounds should be endothermic. As a matter of fact, all the 
compounds cited, namely, silicon trichloride, chloride of platinum, 
ozone, oxide of silver, and several other bodies, are formed with 
absorption of heat. 

It would appear, therefore, that, according to Kruss, gold chloride 
is an exception to the class of compounds which are re-formed at 
temperatures above those at which they are decomposed, and to 
the law by which their behaviour is explained. If Kriiss were 
correct, then chloride of gold, on being heated, would dissociate more 
and more up to a certain point; then, on the temperature being 
tether raised, a change (the recombination of gold and chlorine) 
would take place, which, by disengaging heat, would teud to raise 
the temperature still further, instead of tending to reduce it, as 
required by theory. Geld chloride would, therefore, belong to the 
same class of bodies as explosives, and the apparent equilibrium of 
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the system below 300° would be one o£ “ false equilibrium,” such 
as is observable in a mixture of oxygen and hydrogen below 500°. 

It might, therefore, have been expected, that Kriiss was mistaken 
in believing that gold chloride cannot exist between 220° and 1000°. 
Professor Christy’s results tend to strengthen that expectation, and 
it was hoped that by the use of u hot and cold tubes ” the matter 
might be settled. 

The apparatus just named was devised by H. Sainte-Claire 
Deville (Legons de la Soc. Ghim ., 4, 316) and subsequently used by 
Troost and Hautefeuille (Conipt. rend ., 1877, 84, 946). The exact 
form used in the experiments now to be described is as follows. 
When the temperature used was not above 300°, a glass tube If in. 
in diameter, containing 15 grams of finely divided gold placed in a 
porcelain boat, was heated in an oil-bath. The ends of the tube were 
closed with rubber corks, each provided with two holes ; through one 
of these passed a little glass tube, serving for the introduction of a 
slow stream of dry chlorine, whilst at the other end a similar tube 
allowed it to escape. In addition, a thin tube of brass, coated with 
silver on the outside and 5-16 in. in diameter, was passed through 
the axis of the large glass tube; through the brass tube a rapid 
current of cold water was passed, and this was found to undergo no 
perceptible increase of temperature in passing through the apparatus. 
When the temperature of the oil-bath had remained stationary at 
the desired point for a few minutes, chlorine was introduced and 
passed over the gold for thirty minutes. The current of chlorine 
was then stopped, a rapid stream of dry air passed through until all 
the chlorine had been expelled, and the water then turned off, and 
the brass tube emptied and instantly withdrawn. After inspection, 
the tube was washed down into a capsule, and the washings analysed. 

I n the experiments at temperatures above 300°, the outer glass 
tube was replaced by one of glazed porcelain, and a thin glass tube 
30 ins. long was used to convey the water, experience showing that 
it was perfectly safe and easier to wash clean. The temperatures 
were taken by the Le Chatelier pyrometer, the thermo-couple being 
placed close to the porcelain boat containing the gold. The couple 
was protected by being enclosed in a glazed porcelain tube sealed 
at the inner end, and placed inside the outer porcelain tube. The 
latter had its ends plugged with baked clay and sealed up, the 
arrangement of the tubes passing through the plugs being the same 
as in the other experiments described above. 

The outer tube was heated in experiments Nos. 1, 2, and 3 (up to 
300°) by an oil-bath ; in experiments Nos. 4, 5, and 6 (up to 580°) in 
a gas furnace; and in the others (above 590°) in a coke furnace 
In every case, a length of about 20 in. of the tube was heated. 
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By the use of the u hot and cold tubes 99 a portion of the hot 
vapours is suddenly cooled below the temperature at which any 
change of chemical composition can take place ; a sample more or 
loss representative of the condensible \apours existing in the hot 
tube is thus preserved, and can then he examined at leisure. The 
outer surface of the water tube remains cool, the heating action to 
which it is subjected being mainly due to radiation. 

The results obtained were as follows. 


1 



Gold volatilised. 


Number. 

Tempera- 

ture. 

Lost from 
boat. 

Recovered from 
water tube. 

Percentage 
volatilised m 

30 minutes. 

1 

180° 

grams. 

grams. 

0*00105 

0*007 

2 

280 

— 

0*0522 

0-35 

3 

300 

— 


2*32 

4 

390 

0*2731 


1*82 

5 

480 

0-1325 

0*0884 

0*88 

6 

580 

0-0907 


0*60 

7 

590 

0*0864 


0*58 

8 

805 

0-0753 


0*50 

9 

965 


0 -1672 

1*63 

10 

1100 

0 2895 

0-2037 

1*93 


For purposes of comparison, it may be added that when gold is 
heated in air or coal gas, no gold is volatilised below 1050°, and only 
about 0*02 per cent, in 30 minutes at 1100° (Trans., 1893, 61, 717), 
or about one-hundredth part of that volatilised in chlorine. 

In the table, the amounts “lost” by volatilisation include the 
amounts recovered from the water tube and the gold condensed on 
the inside of the outer tube ; the latter sublimate was not recovered 
separately after each experiment. 

In every case, the gold recovered from the water tube was 
associated with a little less chlorine than was required to form gold 
trichloride, and therefore presumably contained either some metallic 
gold or AuCl, or both ; these doubtless resulted from the dissociation 
of some of the trichloride, when in the form of vapour. 

The amounts volatilised vary according to two different factors. 
(1) The vapour pressure of gold trichloride, AuCIs, which of course 
increases continuously as the temperature rises ; and (2) the pressure 
of dissociation of the trichloride, which also rises continnously with 
the temperature, but not at the same rate as the vapour pressure. 
The rise of vapour pressure tends to raise, and that of the pressure 
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of dissociation to reduce the amount of gold volatilised as chloride. 
The vapour pressnre increases more rapidly than the pressure of 
dissociation at temperatures below 300°, and also above 900°, but less 
rapidly at intermediate temperatures. Hence the curve showing the 



Temperature too goo fioo goo iooo 


FlO. 7. 

variation of volatilisation with temperature is irregular, passing 
through a maximum near 300°, and a minimum at a point somewhere 
below the melting point of gold. The first-named change in the 
direction of the curve possibly occurs at the melting point of the 
chloride, namely 288°. The second change is perhaps caused by the 
change of sign of the heat of formation of the trichloride AuClj* ; 
when this becomes negative, the pressure of dissociation of the com- 
pound would decrease, in accordance w ith the law of van’t Hoff and 
Le Ohatelier. However this may be, it is certain that when gold is 
heated in chlorine at atmospheric pressure, trichloride of gold is 
formed and volatilised at all temperatures above 180°, up to, and 
probably far beyond, 1100°. 

It is thus shown to be improbable that gold chloride is an excep- 
tion to the rule that a substance formed with evolution of heat 
exhibits a greater tendency to dissociate as the temperature rises. 
As already stated, several substances are known which, although 
they are completely decomposed at moderate temperatures, again 
become capable of formation at much higher ones, but these sub- 
stances are all formed with absorption of heat. It is doubtful 
whether a substance formed by an exothermic change could behave 




900 BOSE : THE DISSOCIATION OF CHLORIDE OF GOLD. 


in this way: for example, in spite of the results of C. Danger and 
Y. Meyer (Her., 1879, 12, 2202) on the behaviour of platinons 
chloride, which is stated to be capable of existing only below 300 c 
and above 1300°, it is probable that its properties in this respect 
resemble those of gold chloride. This will be investigated subse- 
quently by the “ hot and cold tube.” 

Repetition of Kruse's Experiments. 

As Kriiss’s results did not agree with those given above, it was 
thought desirable to repeat his experiments on the volatilisation of 
gold chloride (Her., 1887, 20, 212). A glass tube was therefore 
filled with precipitated gold for a length of about 10 cm., and the 
empty part of the tube drawn out at several places. A slow current 
of chlorine, prepared as before, was then passed through the tube, 
and the part of the latter containing the gold gradually heated in an 
air-bath. The appearances noted by Kriiss at temperatures below 
180° were readily seen, but there was no further agreement with 
his observations. As the temperature rose higher, the sublimed 
crystals of chloride of gold formed more rapidly in the cool part 
of the tube, and the part which was being heated became darker in 
colour, until at 270° it was almost black, consisting of lustrous 
crystals, apparently composed of AuCI 3 . At 285°, signs of decomposi- 
tion of the chloride were perceptible, but even at 300° the rate at 
which dissociation was taking place seemed to be very slow. On 
cooling, the red colour gradually returned, and volatilisation became 
less by degrees. The stream of chlorine passing into the tube was, 
on the other hand, absorbed more and more, the greatest rate of 
absorption of the gas being observed at abont 225°. 

In a similar tube, but with a smaller quantity of gold, the rate of 
volatilisation at 260° was tested with a view to determine if it were 
really continuous. The following results were obtained. 

Amount of AuClj sublimed. 

Duration of , , — . - ■■■*■■—■ x 

experiment. Total. Per hour. 

1 hour 0*0926 gram 0*0926 gram. 

3^ hours 0*3188 „ 0*0911 „ 

The sublimation is thus seen to be perfectly continuous at 260°. 

With regard to Kriiss’s observations, it may be noted that he made 
no attempt to ascertain whether the decomposition of either AuCl* 
into AuCl and chlorine at 180° to 190°, or that of And into gold and 
chlorine at 220°, was complete at the temperature named. He trusted 
to inspection through the glass, although the thickness of the layer 
of gold in the tube was considerable. If the film next the glass were 
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changed in the maimer stated, the absence of change in the remainder 
would not he detected, and Kruss could thus merely observe the 
beginning of actions, which are incomplete until much higher tem- 
neratures are attained. 

Bate of Decomposition of the Qhlovides of Gold at Different 
Temperatures . 

In this investigation, the method adopted was to heat a mixture of 
the chlorides of gold to various temperatures and for various lengths 
of time, (a) in the air, and (6) in an atmosphere of chlorine, and 
then to analyse the products. As pure dry chloride of gold, free 
from acids, is difficult to prepare in large quantity, a mixture of the 
chlorides was prepared as follows. One ounce of pure precipitated 
gold was heated in a stream of pure dry chlorine until no more was 
absorbed at 210 — 220°. The tube containing the gold chloride was 
then sealed up, heated to 300°, and the melted chloride shaken up, 
allowed to cool in a mass, and sampled. It was found to contain, by 
analysis, 

Metallic gold Nil. 

AuOl 18*81 per cent. 

AuOb 81*19 

Portions were heated in porcelain crucibles in a water-oven and in 
an air-oven ; the crucible being placed in a pipe-day triangle sup- 
ported on asbestos, and the bulb of the thermometer inserted in the 
ciucible. In the “ atmosphere of chlorine,” the samples were placed 
in short glass tubes sealed up at one end and drawn out to fine capil- 
laries about 7*5 cm. long, at the other ; chlorine, generated by the 
decomposition of the chlorides, expelled the air from these tubes, 
and as long as the temperature was not allowed to fall, no subsequent 
entrance of air into them took place, except by diffusion, which would 
not be rapid under such conditions. Nevertheless, the pressure of 
chlorine in the bulb could not be expected to be quite equal to that 
of the atmosphere. 

The results are given in the following table. The total weight of 
gold used in each experiment varied from about 0*5 to 2*5 grams. 
The chlorides were not weighed out at the beginning and the loss by 
volatilisation was neglected. 

In addition to these experiments, some of the fused chloride was 
heated for seven days in an atmosphere of chlorine at 220°. The pro- 
duct, which was not analysed, consisted of two parts, a large quantity 
of volatilised dark red AuC 1 3 , in crystals, which were kindly examined 
and described by Mr, W. J, Pope (see succeeding paper, p. 906), and 
a residue, consisting, apparently, of a mixture of metallic gold and 
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Table of Experiments on Decomposition of Ohloride of Gold. 


Temperature. 

Time 

of 

treatment. 

Analysis of 

Metallic 

gold. 

product. P 

Gold as 
AuCl. 

ercentages. 

Gold as 
AuCl a . 

Percentage 
of AuC 1 3 
decomposed 
per hour. 

In atmosphere of 
chlorine 






166° 

4 hours 

— 

20*11 


0*40 

188 

18 „ 

— 

21 *86 



190 

8 „ 


27*06 



190 

1 24 


37*30 


mSm 

In air 






100° 

7 days 

— 

24*33 

75-77 

0-04 

165 

' 4 hours 

— 

28*60 

71*40 

3*015 

168 

i 18 „ 

— 

69*59 

41*41 

2-72 

190 

1 io „ 

0*12 

99*88 


— 

190 

i 24 „ 

57*88 

42*12 


— 

175—180° 

| 6 days 

100*00 

— 


— 

155—163 

7 „ 

I 

52*23 





gold monocLloride, AnCl. Tlie crystals of AuC1 3 did not change in 
appearance daring the last five days, and seemingly were more stable 
than the AuCl s cooled from fusion. 

The analyses were made, except in the last four cases, by digesting 
the product with ether, treating the residue with water, and estimat- 
ing the gold in the two solutions and in the nndissoived part. In 
the four cases mentioned, the preliminary treatment with ether was 
dispensed with, as the product was pale yellow and appeared to be 
free from the trichloride. The complete decomposition of the mono- 
chloride was ensured by digesting it with water for 48 hours, then 
gently warming it and washing the residue first with cold and then 
with hot water. The gold in solution was precipitated by sulphurous 
acid, and the chlorine estimated by precipitation as silver chloride. 
In every case, nearly 3 atoms of chlorine were found for each atom 
of gold in the portion soluble in water. 

From the table, it is seen that Au01 s , as it cools from fusion, suffers 
slow decomposition at as low a temperature as 165°, in an atmosphere 
consisting almost entirely of chlorine, and the decomposition is about 
five times as rapid if the temperature is 190°. In these experiments, 
the initial decomposition is much more rapid, as it takes place in 
an atmosphere of air until the latter has been driven out. 

Gold trichloride, AuG1 3 , prepared in a similar manner, is slowly 
decomposed in air at 100°, although not so rapidly as was observed 
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by Lowe (Ding. Polyt. Jour., 1891, 279, 167) in the case of a solution 
of tbe trichloride ; he states that 4 grams of gold trichloride, when 
heated in a porcelain basin on a boiling water bath, can be completely 
transformed into the monochloride, although not until after the lapse 
of several days. Mouochloride of gold suffers slow decomposition in 
air at about 160°, and the decomposition is complete if it is heated at 
175 — 180° for six days. 

By making use of the formula cc { Ja 2 = (^/Ta)"*, given by Harcourt 
and Esson (Bakerian Lecture, £ * On the Laws of Connection between 
the Conditions of Chemical Change and its Amount,” read at the 
Royal Society, May 9, 1895), the following results are obtained. 
Taking the initial decomposition of gold trichloride in air at 165° as 
at the rate of 3*21 per cent, per hour, and at 100° as at 0*0411 per cent, 
per hour (the rates calculated from xhe first two experiments in air), 
the value of m for this chemical action is found to be about 27. 
Hence the rate of decomposition of gold trichloride should be about 
0*365 per cent, in a year at 15°. 

The value of m is about the same in the decomposition of gold 
trichloride in chlorine as in air. That is to say, the effect of tem- 
perature on the rate of decomposition of gold trichloride is about the 
same whether the latter is heated in air or in chlorine. 

General Conclusions . 

The results of the experiments prove that gold chloride shows fixed 
pressure of dissociation, the attainment of which is greatly delayed 
by very careful drying. The pressure of dissociation is insignificant 
below 70°, and becomes equal to that of the atmosphere at about 
265°. As, however, the vapour pressure of AuC 1 3 , which is just per- 
ceptible at 100°, rises rapidly with the temperature, and becomes 
considerable between 200° and 300°, it follows that the pressure of 
dissociation combined with the vapour pressure of Au01 3 is equal to 
that of the atmosphere at 251°. 

The change of state of the chloride of gold from solid to liquid, 
which occurs at 288°, causes a decided check to be given to the rate 
of increase with temperature both of the pressure of dissociation and 
of the vapour pressure, but the greater effect seems to be produced on 
that of the latter. 

The decomposition and volatilisation of gold trichloride take place 
in accordance with these properties. When the pressure of chlorine 
is kept constant at about 760 mm., the continuous volatilisation of 
AuOI 3 is readily observed at 180°, and increases rapidly until about 
the melting point. The rate of volatilisation then falls slowly as the 
temperature rises through several hundred degrees, but shows a 
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minimum at about 800° and again increases, owing to the falling-ofE 
of the pressure of dissociation as compared with vapour pressure. 
Probably the heat of formation of AuOls passes through zero and 
becomes negative at between 800° and 1000°. This could only be 
determined with certainty by calculation, using the specific heat of 
the substance, which is not known, and those of its elements. The 
change of sign of the heat of formation would readily account for a 
diminution in the pressure of dissociation, and consequent increase in 
the observed rate of volatilisation at high temperatures. 

The decomposition of gold trichloride in air might be expected to 
become perceptible at 70°, requiring, however, about 25 years for its 
nearly complete change into the monochloride, AuCl, at this tempera- 
ture. The observed rate of decomposition at 100° shows that a similar 
change would require about 1,000 days at this temperature, while it 
results from calculation, using Har court and Bsson’s formula, that at 
200°, 36 hours, and at the melting point, namely, 288°, less than one 
minute suffices for the complete decomposition of Au01 3 iu air. 

There might appear at first sight to be a discrepancy between the 
results obtained on the one hand by heating gold trichloride, and on 
the other hy passing a stream of chlorine over metallic gold. In the 
former case, the pressure of dissociation becomes equal to four atmo- 
spheres at about 332°, and by the direction of the curve between 300° 
and 330° might be expected to become enormous at a bright red 
heat. Nevertheless, by the use of the “ hot and cold tubes,” gold tri- 
chloride is condensed from the stream of chlorine at atmospheric 
pressure at all temperatures between 180° and 1100°. The reason 
for this is partly to be found in the change of the heat of formation 
of AuC 1 3 with temperature, but mainly in the extreme slowness with 
which the last traces of a compound are dissociated, even when it is 
much above its mean temperature of dissociation. This is, of course, 
attributable to the differences in the movements of the atoms in the 
different molecales in a given mass at a definite temperature. As 
already stated, there is reason to believe that at the ordinary 
atmospheric pressure, there is no temperature at which it is impos- 
sible to form gold chloride. 

The Royal Mint . 
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XC . — Some Physical Properties of the Chlorides of 

Gold . 

By Tom Kiekb Rose, D.Sc., A.R.S.M. 

Melting Point of Gold Trichloride . — In the course of the work 
described in the previous paper, it was found that gold trichloride 
could be readily fused if heated in a sealed tube, or under a pressure 
of two atmospheres of chlorine ; the liquid was quite black and did not 
wet glass ; some effervescence occurs as the chloride melts. The 
melting point was determined by heating about a gram of pure, dry 
volatilised gold trichloride in a sealed tube in sulphuric acid; three 
determinations were made, each of which gave the melting point as 
288°, a mercury thermometer containing nitrogen being used. The 
freezing point was not so easy to determine, but solidification appeared 
to begin at about 287°. A mixture containing about 4 mols. of the 
trichloride, AuC 1 3 , to one of the monochloride, AuCl, melted at 287°, 
and another mixture, probably of about the same composition, melted 
at 286° under a pressure of 1*81 atmospheres of chlorine. The 
presence of the monochloride, therefore, does not much affect the 
melting point of gold trichloride. After being fused, no metallic 
gold remains in the mixture, even if it had been originally present. 

Specific Gravity of the Chlorides of Gold . — The densities were taken 
by means of a specific gravity bottle, sulphuric acid being used as the 
liquid with which to fill the bottle. Neither gold monochloride 
nor gold trichloride appears to be attacked by sulphuric acid, but 
the acid was left in contact with a mixture of the two chlorides for 
24 hours before being used. In each experiment, some of the chloride 
was shaken into the bottle, and at the end of the operation it was 
separated and analysed. Pickering’s determinations of the density 
of sulphuric acid at different temperatures were employed. The gold 
monochloride was prepared by digesting a fused mixture of the 
chlorides of gold with ether, and drying the residue at 100° ; on 
analysis, it proved to contain 14*85 per cent, of chlorine, as against 
15*2 per cent, according to theory. The weight used was 1*248 grams. 
The fused mixture of the two chlorides used for the density deter- 
mination contained 1*9341 grams of gold trichloride and 1*0793 grams 
of the monochloride. The vo latilised trichloride consisted of 0*22 gram 
of fine, needle- like crystals. 

The determinations were made in each case at slightly different 
temperatures. The results were as follows. 
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f ? ' 35 1 

Density of AuOI 7 39 > 

L742J 

Mean 

7-4 

r5*13T 

Density of fused mixture J L 

51 

of AuC 1 3 and AuCl j 

Density of fused AuCl d (calculated) 

43 

Density of volatilised AuCls 

39 


The last result, being made only at one temperature and on a very 
small quantity of material, is less trustworthy than the others. 

The molecular volumes are therefore — 

AuCl 32 AuCls (fused).. 70 

This gives about 20 as the atomic volume of chlorine when in 
combination with gold, and the agreement with Schroder’s theory 
(Lehrbuch von allg . Chem., 1, 851) is not satisfactory. If, in 
accordance with this theory, the atomic volume of gold in combina- 
tion is 10*2 and that of chlorine 15*3, the densities should be 

AuCl 9*1 AuCU 5 4 

On the other hand, if the atom of chlorine is taken as occupying 
the space of four “ steren ” instead of only three when in combination 
with gold, the observed densities and corresponding molecular 
volumes agree fairly well with the theoretical amounts. 

Ctystals of Gold Trichloride , AuCl s . — I am kindly allowed by Mr 
W. J. Pope to add the following communication from him regarding 
some volatilised crystals of gold trichloride which he examined. 

"The crystals mostly consist of small, brilliant prisms, which, 
when crushed, transmit light of a deep claret-red colour, but show no 
pleochroism ; one or two thin, six-sided plates adhering to the sides 
of the tube showed an indistinct extinction parallel to one edge of the 
crystal. The crushed fragments of the massive crystals do not 
extinguish, even the thinnest remaining bright between crossed 
nicols; no trace of an interference figure was ever observed, so that 
the crystals afford an instance of aggregate polarisation. Ho examina- 
tion in monochromatic sodium light was possible, as the crystals have 
a very great absorptive power for light of this colour ” 

The Boyal Mint 



907 


XCI. — Homonucleal Tri-derivatives of Naphthalene. 
By Raphael ^eldola, F.R.S., and Frederick William Sieeatfeild, 

F.T.C. 

Since the last communication on this subject (Trans., 1892, 765) tlie 
investigation has been carried on during all available opportunities, 
and results have been obtained which appear to us sufficiently in- 
teresting to warrant our offering another instalment to the Society, 

DibromonifroiiapJithalene, C 10 H 5 Br*N 0 2 *Br = 1:2:4, in. p. 117°. — 
A considerable quantity of this com po and, which was briefly de- 
scribed in the previous communication (p. 769), has been prepared 
and some of its derivatives studied. Analysis of a specimen purified 
by crystallisation from alcohol gave the following results. 

0T640 gave 5*95 c.c. moist nitrogen at 14*25° and 756 5 mm. N = 
4*23. 

0*1520 gave 0-1715 AgBr. Br = 48*01. 

CioH 5 Br 2 N0 2 requires Br = 48*33 ; 1ST = 4*23 per cent. 

iJibromo- fi-naphthylamine, C 10 H 6 Br*NH 2 \Br = 1:2:4, m. p. 
106 — 107°. — The reduction of the nitro-compound is best effected by 
means of zinc dust and acetic acid in alcoholic solution. The filtered 
liquid is largely diluted with water, when the dibromonaphthyl- 
amine separates out in the form of whitish needles, which must be 
collected as rapidly as possible and protected from the action of light, 
as when moist and impure they appear to be susceptible of photo- 
chemical oxidation, and become coloured on exposure to the air. The 
pure compound is, however, quite stable, and when dry consists of 
white, silky needles melting at 106 — 107°, and very readily soluble in 
alcohol, benzene, and all the ordinary organic solvents. A specimen 
was purified for analysis by crystallisation from dilute alcohol and 
benzene in succession. 

0*1238 gave 5 c.c. moist nitrogen at 17° and 754*3 mm. N = J<*64. 

0*0835 gave 0*1040 AgBr. Br = 53*0. 

Ci 0 H 5 Br 2 NH 2 requires Br = 53*15 ; N = 4*63 per cent. 

The compound is devoid of basic properties. When boiled in 
glacial acetic acid with a little acetic anhydride, it readily acetylates. 
The acetyl derivative was purified by crystallisation from acetic acid 
and alcohol in succession, and was obtained in the form of white 
needles melting at 220 — 221°. 

0*1567 gave 5*6 c.e. moist nitrogen at 15*5° and 761 mm. ST = 4*17 
C 10 H gBr/NH* C 2 H 3 0 requires N = 4*08 per cent. 

VOL. LXYri. “ 3 y 
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Action of Kit) ous acid on Difoomo-fi- naphihylumine. 

An attempt to replace the NH 3 -group in the above compound by 
hydroxyl by the “ diazo reaction ” led to an unexpected result. The 
details of the experiment are a & follows. 

The substance is dissolved in glacial acetic acid, the solution 
filtered, if necessary, and strong sulphuric acid added till crystals ot 
the sulphate begin to separate out The calculated quantity (or a 
little excess) of sodium nitrite necessary to diazotise the dibromo- 
naphthylamine is then added in small portions in the solid condition 
to the well cooled solution, and the mixture allowed to remain for 
some hours with frequent stirring. On gradually diluting with water, 
at the same time keeping the liquid cool, a clear solution is obtained, 
and there is no doubt that at this stage a diazo-salt (sulphate) is 
present in the solution On raising the latter to the boiling point, 
little or no nitrogen is evolved, and an ochreous substance gradually 
separates. The liquid when quite cold deposits a further quantity of a 
substance crystallising in hair-like ochreous needles. The product, 
on being collected and washed, proved to be non-phenolic and to con- 
tain nitrogen, and was not, therefore, the dibromo-£-naphthol which 
we were endeavouring to prepare. This fact, combined with the 
observation above recorded, that practically no nitrogen is evolved on 
boiling the solution of the diazo-sulphate with water, indicated that 
the ordinary diazo decomposition had not taken place. The product, 
ou further examination, was found to be resolvable into two portions, 
one soluble iu boiling water, from which it crystallises ou cooling in 
the form of yellowish, filamentous needles, which become brown on 
exposure to light. The portion insoluble in boiling water consisted 
of an ochreous compound, very insoluble in all solvents, and most 
difficult to deal with- It probably contains diazoamido- or an amido- 
azo-compound, but we have not succeeded as yet in isolating any 
definite substance from it. 

The compound crystallising from water had a decomposing point 
of about 148 — 151°, at which temperature it froths up with almost 
explosive suddenness. It is extremely soluble in alcohol, benzene, 
glacial acetic acid, and organic solvents generally. A specimen twice 
crystallised from boiling water was analysed with the following results, 
from which it appears that the substance is a diazoxide. 

0*1058 gave 9*8 c.c. moist nitrogen at 12° and 763*7 mm. N = 
1] *03. 

0*0971 gave 0*072S AgBr. Br = 31*90. 

0*1424 „ 0*1070 „ „ = 31*97. 

CwHsBrNjO requires Br = 32*12 ; 1ST = 11 24 per cent. 

The diazoxides, which are anhydiides of ortho- and paradinzo- 
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phenols, have long been known, and were first prepared by the action 
of nitrons acid on orthoamidophenols containing acid substitnents in 
the aromatic nucleus (G-riess, An mien, 1860, 113 , 212 ; Schmitt and 
Glutz, Ber., 1869, 2 , 52 ; Wagner, Ber., 1874, 7 , 1270; Bobmer, J. pr. 
Chem., [2], 1881, 24 , 460 ; Lampert, ibid., 1886, 33 , 375 ; Kunze, 
Ber., 1888, 21 , 3333 ; Conrad and Limpach, ibid., 1978). Diazoxides 
of the naphthalene series have also been recently obtained by the 
oxidation of a- and y8-diazo naphthalene in alkaline solution with 
potassium femcyanide (Bamberger, Ber.. 1894, 27 , 679), and by the 
diazotising of certain dinitro-/3-naphthylaniines, during which process 
one of the N0 2 -gronps is displaced (Gaess and Ammelbnrg, Ber., 
1894, 27 , 2211). The diazoxide, described above, was obtained by 
us and identified in 1892 as a 4 -bromonapbthalene-/J a “diaz-a 1 -oxide. 
Its formation is best explained by the following scheme, in which 
the free diazo-compound is represented as taking part in the process 
of inner condensation with the elimination of bromine. The iso- 
diazo-form is inadmissible in this case, as the transformation occurs 
in the presence of excess of strong sulphuric acid. 


H 0-, 
Br 


(Ti* -Pi 


O N 

/Vn 


N/y 

Br 


+ HBr. 


\/\/ 

Br 


This view of the formation of the diazoxide is confirmed by the 
presence of bromohydric acid in the mother liquor after the crystal- 
line deposit has been removed by filtration. The compound was 
further characterised by bromination and reduction. When a solu- 
tion of bromine in glacial acetic acid is added in excess to a solu- 
tion of the diazoxide in the same solvent, nitrogen is evolved, and 
on allowing to stand for some hours a crystalline deposit gradually 
forms. After repeated crystallisation from glacial acetic acid, the 
product was obtained pure, and proved to be dibrowo-a-napbtliaqui- 
none, m. p. 216°.* 

0-1648 gave 0-1963 AgBr. Br. = 50*68. 

C 10 H 4 Br a O a requires Br = 50*63 per cent. 

The characteristic anilide crystallising in red scales melting at 190° 
was also prepared. The formation of dibromo-a-naphthaq uinone from 


* Trans., 1890, 809 (Meldola and Hughes). The corresponding dihydro-derivu- 
tive obtained by redaction gives a diacetyl (m. p. 238°), and not a monacetyl 
derivative on acetylation with sodium acetate and acetic anhydride as stated in the 
paper referred to (p. 810). A repetition of the analysis has led us to this condu~ 
don, which is quite in harmony with the non-phenolic character of the compound. 

8 r 2 
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the diazoxide by the action, of bromine, is certainly a point of some 
interest, because the a 4 -Br atom must be displaced under the in- 
fluence of the same element exerted as an oxidising agent. In fact, 
the facility -with which a-substituents can be removed from the 
naphthalene ring, especially when the neighbouring y3-position is also 
substituted, is quite remarkable, as is seen by the displacement of the 
bromine-atom in the formation of the diazoxide, and even more 
strikingly in the displacement of the N0 2 - group in the method of 
Gaess and Ammelburg above referred to. An illustration of the 
same point is furnished by Liebermann and Scheiding’s original 
method of preparing /3-naplithylamine, now of historical interest only, 
in which nitro-2-bromo-4-napbthalene loses its bromine on reduc- 
tion with tin and hydrochloric acid ( Annalen , 1876, 183, 253). 

From considerations such as the foregoing, it might have been 
expected that our biomodiazoxide would lose its bromine-atom on 
energetic reduction, and thus give 2 : 1-amidonaphthol. This con- 
clusion has been borne out by experiment. Some of the compound 
was reduced by boiling in alcoholic solution with tin and hydro- 
chloric acid ; the solution was filtered, the alcohol evaporated off, and 
the amidonaphthol precipitated as hydrochloride by adding excess of 
strong hydrochloric acid. The white precipitate was collected, re- 
dissolved in water, and re-precipitated by hydrochloric acid, the 
operation being repeated till the compound was piactically free from 
tin salts. 

The substance had all the properties of the expected amido- 
naphthol. When basified by ammonia and exposed to the air, the 

violet colour of naphtbaquinoneimide, made its appear- 

ance. A solution of the hydrochloride, when warmed with ferric 
chloride, gradually deposited orange crystals of a-dinaphthy3di- 
qninone, the latter being identified by its characteristic basic tetrani- 
lide ; m. p. 248 — 25CP (Korn, Ber , 1884, 17, 3022). 

Ckhrofoomo-p-naphthylamine , C i0 H 5 *ClrNH 3 OBr = 1:2:4, m. jj. 
102 — 103°. — In the previous paper (Trans,, 1892, 768) this compound 
was only provisionally described. We have since prepared it in larger 
quantities, and by repeated crystallisation, first from dilute, and finally 
irom absolute alcohol, we have obtained it in the form of white, 
silky needles melting at 102 — 103°. It is devoid of basic properties, like 
the corresponding dibromo-^-naphthylamine. The acetyl derivative 
has the melting point (218°) already assigned. As the nitrogen onlv 
had been determined in the former preparation, we give the result of 
determining the halogens : — 

0T030 gave 0*1329 AgOl + AgBr. Cl -j- Br = 44*94. 

C w n a ClBr-NrH 2 requires Cl + Br = 45 03 per cent. 
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In order to further characterise the substance, the benzoyl deriva- 
tive was prepared by agitating the base suspended in water with 
benzoyl chloride, and adding caustic soda solution, drop by drop, till 
the transformation into the benzoyl derivative was complete. After 
crystallisation from alcohol the compound consists of beautiful silvery, 
flattened needles. 

0*1264 gave 4 3 c.c. moist nitrogen at 14° and 757*2 mm. N" = 3*98. 

CioHsClBr-NH'C-rHsO requires N = 3*88 per cent. 

The pure compound has a melting point of 185 — 186°. 

Action of Nitrous acid on Chlorob romo- fi-Naphl ky la mine. 

The products in this case vary accoiding to the conditions of the 
experiment. When the base is dissolved in alcohol and sodium 
nitrite added to the cold solution, an ochreous crystalline substance 
separates out, and a further crop of the same compound is obtained 
by diluting the filtrate with water. This substance proved to be a 
diazoamido-compound. It was purified by crystallisation from boiling 
toluene, and then formed yellowish needles having a decomposing 
point of about 205 — 210°. 

0T452 gave 10*25 c.c. moist nitrogen at 21*5° and 750 mm. NT = 7*91. 
0*1544 „ 10*75 c.c. „ 18*5° „ 758*8 „ N = 8*02. 

0*1392 „ 0*1762 AgCl 4- AgBr. 01 + Br = 44*10. 

Tho formula requires N = 8*01 and Cl + Br = 44*08 per cent. 

The diazoamido-compound has the following constitution : — 


ci ci 



It is more stable than the majority of tho diazoamido-couipounds, 
but it is now well known that the accumulation of acid radicles in 
the molecules increases the stability to a remarkable extent (Zettel, 
Z?er., 1893, 26 , 2471 ; and Hersckmann, Ber., 1894, 27 , 767). The 
compound is decomposed on boiling with dilute sulphuric acid (about 
equal volumes of strong acid and water), the products being nitrogen, 
chlorobromonaphthylamine, and a resinous substance which could 
not be crystallised. 

When chloro br omo- n aphthy] amine is diazotised in glacial acetic 
acid in the presence of strong sulphuric acid, the decomposition 
follows the same course as in the case of dibromo-jS-naphthylamine 

under similar conditions, the diazoxide, CioHgBr^S (decomposing 

jn 3 
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point, 148 — 151°) being formed. In glacial acetic acid only, there is 
produced, by the action of sodium nitrite, a mixture of diazoamide 
and diazoxide. Under no conditions has it been found possible 1o 
replace the NH a -group by hydroxyl by the di azo-reaction. 

Homoniicleal Tri-dei leaf ices containing Iodine. 

In a paper published by one of us 10 years ago (Trans., 1885, 47, 
523), a nitroiodoacetnaphthalide, and the corresponding nitroiodo- 
naphthol, were described. These compounds were obtained by a very 
laborious method, and only in small quantity, owing to the bad yield- 
We have now to describe a more direct method of preparing the.se 
derivatives, which has enabled us to obtain them in considerable 
quantity, and to characterise them more fully than was possible at 
the time of the earlier work. 

a-AcefcnaphthaJide is best converted into the iodo-derivative by 
the action of the calculated quantity of iodine monochloride, both 
substances being dissolved in glacial acetic acid. On allowing 
to stand for some days, iod-a-acetnaphthalide separates out as a 
white, crystalline pulp ; tbe separation of this compound takes place 
more rapidly if the solution is slightly warmed. The substance has 
the properties described in the former paper ; the melting point was 
found to be 197° (196° in a previous paper). As uo analysis was 
formerly given, we add the following. 

0*2299 gave 8*9 c.c. moist nitrogen at 16° and 758 1 mm. N = 4*49. 

CioHfll’iNH-CjHsO requires NT = 4*51 per cent. 

Nitroiodo-a-acetonaphthalide , CaoHsdTOa'I'NH-CiHaO = 2:4:1. 
— This substance is best prepared by covering pure iod-a-acet- 
naphthalide with glacial acetic acid, and then adding about double 
the calculated quantity of fuming nitric acid, of sp. gr. 1*5, diluted 
with an equal volume of acetic acid. The solution gets warm enough 
on stirring to dissolve up the iodo-derivative, and the nitroiodo- com- 
pound separates out in a crystalline form on allowing the solution to 
stand. It is better not to apply heat as described in the earlier 
method, since there is a tendency under these circumstances for the 
iodine to become partly replaced by the NO a -group, and the resulting 
product is thus liable to be rendered impure by admixture with 
dinitro-a-acetnaphthalide, which is easily formed from the nitroiodo- 
derivative by the action of excess of nitric acid on the latter, espe- 
cially when the nitric acid solution is heated. 

Pure nitroiodo-a-acetnaphthalide forms pale, straw-coloured 
needles, having a melting point of 242°, after repeated crystallisation 
from glacial acetic acid (melting point of impure substance formerly 
given as about 236 c ). 
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0*0891 gave G*1 c.c. moist nitrogen at 12* 5° and 756*7 mm. 1ST = 8*0G. 
0-0815 „ 0*0538 Agl. I = 35*61. 

The formula requires N = 7*88 ; I = 35*58 per cent. 

The difficulty of hydrolysing this compound without at the same 
time removing iodine, as mentioned in the former paper, has been 
amply confirmed, and we have been unable to obtain the nitroiodo- 
a-naphthylamine, or the corresponding metanitroiodonaphthalene. 

Nitroiodo-a-naphthol , CjuH^NOa’I'OH = 2:4:1. — The preparation 
and properties of this compound have been described in the paper of 
1885 (Zoc. cit, p. 524). We find that by repeated crystallisation from 
glacial acetic acid, the melting point becomes 150°, but the compound 
begins to shrink before it melts at 147 — 148°. 

0T083 gave 4*35 c.c. moist nitrogen at 21° and 767*6 mm. N = 4*61* 
The formula requires N = 4*47 per cent. 

In order to further characterise this compound, the potassium salt 
was prepared and analysed. It consisted of orange needles, which 
were crystallised from boiling water. 

0*2404 dried at 100 — 110° till constant in weight lost 0*0124 = 
H a O, 5*07. 

0*2280 gave 0*0550 K 2 S0 4 . K = 10*81. 

The formula CiflH 5 ‘N02*I*0K,H 2 0 requires H s O = 4*85 and K = 

11*05 per cent. 

The ethyl ether, G k,H 6 *N 0 2 *I* O C 2 H*, was also prepared by treating 
the silver salt (a brick-red powder) with ethyl iodide. It forms pale 
yellow, flattened needles or scales when crystallised from alcohol, in 
which it is extremely soluble. The melting point is 104 — 105°. 

In conclusion, we may add that iodine chloride readily forms an 
iodine derivative of /3-aeetnaphthalide, which is now under investiga- 
tion. The foregoing research has been taken part in by several of 
our students, and we desire to express our thanks more particularly 
to Messrs. F. B. Burls, H. W. Younger, and K R, Andrews. 

Finsbury Technical College* 
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XCII . — The Ethereal Salts of the Optically Active 
Lactic, Chloropi opionic and Bromopropionic Acids. 

By J. Wallacf Walkfi:, M.A.., Exhibition Science Scholar, Hf. 

Andrpw’s University. 

DtiRiKb the past few years the ethereal salts of a number of optically 
active acids have been prepared and examined, with the object of dis- 
covering some numerical relationship between their degree of optical 
activity and the masses of the different radicles attached to the 
asymmetric carbon atoms. The first approach to a generalisation 
was proposed independently by Crum-Brown and by Gruye. Crum- 
Brown (, Proc . Boy. Soc Edin., 17, 181) showed that in the case ot 
the ethereal tartrates and their acetyl derivatives certain changes in 
the mass and constitution of the radicles produce definite changes, 
both in the magnitude and sign of the rotation. He also put forward 
the opinion that it may be possible to determine for each atom and 
radicle a function k, which will express the amount of influence that 
the atom or radicle will have on the rotation of any asymmetric 
system into which it may be introduced ; and he indicated how some 
idea may be gained as to the relative values of the functions of a 
number of radicles. 

Gruye ( Corrupt . renci.^ 1893, 116, 1451) takes as his starting point 
the assumption that the geometric form of the molecule of an active 
substance may vary so little from that of a regular tetrahedron that 
the difference may be neglected. Owing to the difference in mass of 
the radicles, however, the centre of gravity of the molecule must lie 
outside of all the six planes of symmetry of the regular tetrahedron, 
and he believes that the asymmetry of the substance, on which its 
rotatory power depends, could be calculated from the amount of dis- 
placement of the centre of gravity from these six planes of symmetry 
Since, however, it is impossible to determine these distances, and as 
they must depend to a large extent on the masses of the radicles, he 
uses the masses alone to calculate the direction of change in rotation 
of an asymmetric system by the gradual increase in mass of one of its 
groups. That this method cannot give general results has been 
clearly shown, for many active substances are known in which two ot 
the groups are different in constitution hut equal in mass, and, accord- 
ing to Guye, such compounds should he inactive. It also very seldom 
occurs that the propylic and isopropylic, bntylic and isobutylic salts 
of the same acid have an equal rotation. Again, if, in an asymmetric* 
system, 0, a, b t c, d, where the masses of the radicles attached to the 
carbon atom increase from a to d, d be substituted by a radicle 
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whose mass is greater than that of c, Guye’s method of calculation 
from the masses alone implies first than the sign of the rotation should 
remain unchanged, and second that the rotation should increase with 
increase of mass. The first of these conclusions he substantiated by 
the preparation of more than 40 derivatives of active amylic alcohol, 
nearly all of which preserved the same sign. As regards the second, 
however, Walden has shown (Zeit. physikal. Ghem 1895,15, 638) by 
the examination of a large number of derivatives of the same substance, 
that few of them are in accordance with it. One of Walden’s most 
striking observations was the great difference between the rotations 
of amylic fumarate and maleate. This would seem to show that the 
influence of a radicle on the rotation may depend as much on the 
nature of the radicle as on its mass, and the observations to be 
described in this paper lead to the same conclusion. Guye himself 
admits (loc. cit.) that his method of calculation can apply at best to 
simple compounds where the amount of dissimilarity between the 
groups is not sufficient to lead us to expect much distortion in the 
figure of the molecule ; but it may be doubted if even in the ethereal 
glycerates, which he cites as a case in which there is very close agree- 
ment between the position of the maximum point calculated from his 
formula and that observed, there may not be sufficient attraction 
between H and OH to cause considerable distortion. Certainly, as 
will be seen later, the rotations of the ethereal lactates, which are at 
least as simple bodies as the glycerates, show no agreement with the 
numbers calculated. It seems to me, therefore, that the method most 
likely to lead to a generalisation is to examine the ethereal salts of a 
sufficient number of closely allied simple acids, and so to determine 
whether there is snch a thing as a constant rotation equivalent for 
each radicle or not. For this purpose 1 have prepared some ethereal 
salts of lactic, chloropropionic, and bromopropionic acids. 

It is, of course, probable, as Nerast points out, that an atom or 
group has no constant function, k, or rotation equivalent, bnt that its 
influence on the rotation depends on the atoms or groups already 
present in the body into which it is introduced. It is scarcely likely 
that when bromine, for example, is introduced into various com- 
pounds, the position it takes up is always at the same distance from 
the carbon atom ; and this difference of distance might affect the 
rotation of the new substances in different degrees, unless it were 
counterbalanced by some such factor as difference of velocity of 
vibration. 

While this investigation has been in progress, two papers have 
appeared dealing with parts of the same subject. Frankland and 
Henderson (JProc. Ghem. Soc., 1895, 11, 54) have prepared the methylic 
and ethylic lactates from lactic acid, presumably by the hydrochloric 
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acid method, and they attempt to reconcile the observed results with 
Uuye’s theory. But as the rotations observed by them are far below 
file actual values, no reliable conclusions can be drawn from them. 
The authors do not allude in the paper to the fact that Klimenko 
(J. Buss. Client . Soc., 12, 30) had already prepared laevo -ethylic lactate, 
and found for it the specific rotation —14*19°, a value which agrees 
very closely with my own observation, but is far in excess of that 
quoted by them, viz , —8*6°. 

Walden (Be;*., 1895, 28, 1293), in a research on active chJoro- ancl 
bromo-ethereal salts, has prepared the methylic and ethylic chloro- 
propionates and ethylic bromopropionate. 1 am not yet in a position 
to state the actual values ot the rotations of the chloro-salts, but those 
given by Walden are too low, doubtless, as will appear later, because 
his preparations were mixed with a substance of opposite activity. 
In the case of the bromo-salt, he seems to be aware that the value 
he has found for [«]d is too small, and this is, indeed, the case. 
Instead of its specific rotation being —7°, it is 31°. The source of this 
large error is probably to be found in the fact that it was prepared 
from an ethereal lactate which had been made by the hydrochloric acid 
method, but as he does not give the rotation of the ethylic lactate, it 
is impossible to say with certainty. It is also noteworthy that the 
author gives no analyses to show whether the preparations he has 
examined were the supposed substances or not. 

Evperimlnial P\ki. 

The active lactic acid, from which these ethereal salts were made, 
was prepared as described in a recent paper (Pnrdie and Walker, 
Trans., 1S95, 67, 616). 


JStliereal Lactates . 

The ethereal lactates were prepared by the action of their re- 
spective iodides on the silver salt, which had been carefully dried 
at 100°. 

Lava- methylic Lactate. — Forty-five grams of the dry silver salt of 
d-lactic acid were slowly added to 66 grams of methylic iodide. The 
reaction was very vigorous, but the silver salt seemed to turn pasty 
and get coated with silver iodide. The mixture was finally heated a 
short time on the water bath. When distilled under a pressure of 
200 mm., 12 grams passed over at 105*5 — 106°. Analysis showed 
that this was pure methylic lactate. 

0*2463 gave 0*4174 CO, and 0*1700 H 3 0. C = 46*22 ; H = 7*0 7. 

C*He0 3 requires C = 46* 15 ; H = 7*69 per cent. 
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A determination of its specific rotation gave tlie following results, 
a = — 12-21° ; l = 100 mm. ; d\> = 1TU0 ; hence [a] 0 = — 11*1°. 

Le Bel prepared this salt by allowing a mixture of lactic acid and 
methylio alcohol to stand over quicklime, and found for it a rotation 
of —8*5° in a 100 mm. tube. As has been already mentioned, Frank- 
land and Henderson find for the same substance a specific rotation 
still lower, viz., [a]x> = —6*8°. It seems possible, therefore, that the 
rotation of this salt is diminished both by distillation at the ordinary 
pressure and by heating with hydrochloric acid. 

Dejctro-ethylic Lactate . — Ninety grams of the vsilver salt of 7- lactic 
acid were treated in the same manner as in last experiment with 
150 grams of ethylic iodide. The general appearance of the reaction 
was the same, and, on fractionating under diminished pressure, 29 
grains were obtained boiling constantly at 67 — 64°, under a pressure 
of 25 — 22 mm. A combustion showed the purity of the substance. 

0-234 gave 0*4334 C0 2 and 0T791 H 2 0. C = 50 51 ; H = 8*50. 

C5H10O3 requires C = 50*85 ; H = 8*47 per cent. 

Its specific rotation was found to agree very closely with the value 
given by Klimenko (loc. cit.), viz., -fl4*19°. 

a = + 14-96°; l = 100 mm.; df = T030; hence [a] D = + 14*52°. 

Frankland and Henderson find for the same salt a specific rotation 
of +8*6°. 

To show the necessity of purifying the salt completely from other 
substances, the following observations of its specific rotation taken in 
chloroform and benzene may be cited. 

In chloroform — 

I. <■ ss 6*1715; a = + 1*33°; l = 400; bence [a] B = + 5*30°. 
II. c = 1*2343; a = + 0*27°; l = 400; heuce [a] D = + 5*47°. 

In benzene — 

]. c = 5*941; a s + 1*42°; 7 = 2l)0; hence [a] D = + 10*61°. 

II. g = 1*188; a = + 1*04°; l = 400; hence [aJ D = + 

Freundler (Compt read., 1893, 117 , 556) bas made an extensive 
seHes of experiments on the influence of various solvents on the rota- 
tions of ethereal derivatives of tartaric acid. Ho found that the effect 
of the two solvents used above was almost the same, and that they 
caused the rotation of the salts to become either very small or of 
opposite sign. In the four observations given above, it is very re- 
markable that, whilst the specific rotation of the salt in chloroform 
solution is very small, and apparently unchanged on dilution, in ben- 
zene it is only slightly diminished, and increases very much in more 
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dilute solution. These results are not due to decomposition ot the salt 
into acid and alcohol, as Freundler has observed in the case of the 
tartrates, for all the solutions were found to give a perfectly neutral 
reaction. 

Lee vo-p ropy lie Lactate . — Twenty-five grams of the silver salt of 
cZ-lactic acid were added, as before, to 38 grams of propylic iodide. 
After repeated fractional distillation, there remained 6 grams of a 
liquid boiling at 122 — 123° under a pressure of 150 mm. Analysis 
showed that it was pure propylic lactate. 

0*1867 gave 0*3724 C0 2 and 0 1520 H s O. 0 = 54*40 ; H =a 9*05 
C 6 Hi 2 0* requires C = 54*55 ; H = 9 09 per cent. 

A determination of its specific rotation gave the following value, 
a = — 17*13 c ; l = 100 mm. ; d\ q = 1*004; hence [a] D = — 17 OH''. 


Ethereal Chlorop7oplonates. 

Dextro-ethylic Chloropropionate. — It has been shown by Wurfcz 
(Aunalen, 1858,107, 192) andBruhl (Be?*., 1876, 9, 35) that the inactive 
salt can be readily obtained by the action of phosphorus pentachloride 
on /-calcium lactate and /-lactic acid, and subsequent treatment with 
alcohol. It seemed to me quite probable that the corresponding active 
substance might be obtained by using the zinc salt, thus avoiding the 
preparation of the calcium salt. Accordingly 62 grams of Isevo-zinc 
lactate were added to 135 grams of phosphorus pentachloride in a 
retort, but there was instant chairing, and only a small quantity of a 
distillate was obtained, which was added to some alcohol. On pouring 
this alcoholic liquid into a relatively large volxunc of water, only a 
few diops of an oil separated. So the method was abandoned as 
entirely unsuitable. 

Sixty grams of the calcium salt dried at 100 c were heated on an oil 
bath, 20 grams at a time with 50 grams of phosphorus pentachloride, 
and the united distillates were added to ethylic alcohol. On pouring 
this solution into much water, 14 grams of a heavy oil separated which 
was washed with solution of sodium carbonate, dried and distilled. 
After being twice fractionated, it gave 5 grams, boiling at 47° under 
a pressure of 17 — 20 mm. Analysis showed that it was nearly pure 
ethylic chloropropionate. 

0*1899 gave 0*3035 C0 2 and 0*1107 H a O. 0 = 43 59 ; H = 6*48. 

C 5 H 9 O.CI requires 0 = 43*96 ; H = 6*59 per cent. 

Its specific rotation was found to have a much higher value than 
that assigned to it by Walden (Joe. cit.) 9 viz., 12*86 n . 

a = + 21*21°; Z = 100 mm.; £7”*= 1*087; hence [<x];d = + 19*51 r 
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As tlie yield of active salt was still very unsatisfactory, Bruhl’s 
method was next adopted, i.e., the action of phosphorus pentachloride 
on free lactic acid. 

Thirty-three grams of iMactic acid syrup were slowly added to 164 
grains of phosphorus pentachloride in a retort fitted with a reflux 
condenser. The reaction was very violent, hut it was only on warm- 
ing that the pentachloride entirely disappeared. The mixture was 
gently heated for half an hour, and on cooling 200 grams of efchylic 
alcohol were slowly run into it. After standing for 24 hours this 
solution was poured into mnch water. Thirty-eight grams of a heavy 
oil separated which was washed with sodium carbonate solution and 
dried with calcinm chloride. After repeated fractional distillation 
under diminished pressure, 14*5 grams were obtained boiling at 
46 5 — 47° under 17 — 20 mm. pressure. A considerable quantity of a 
higher boiling liquid is also produced in the reaction. It has a rota- 
tion in the opposite sense to that of the chloropropionate, hut it 
has not yet been purified by distillation. The low rotation found by 
Walden for this salt may possibly be due in part to the presence of 
this impurity. The specific rotation of the salt prepared from lactic 
acid was found to agree very closely with that of the salt prepared 
from the calcium salt. 

a = -f 21*78°; 1 = 100 mm.; d\ = 1*096; hence [a]© = -f 19*88°. 

Loevo-methyUc Chloropropionate. — Fifty grams of Z-lactic acid syrup 
were treated in a similar way with 275 grams of phosphorus penta- 
chloride, and on cooling 230 grams of pure methylic alcohol were 
slowly added to the mixture. After 20 hours, it was poured into 
much water, hut only 20 grams of oil separated. The solution was 
accordingly neutralised and extracted with ether. After repeated 
fractional distillation, 14 grams were obtained boiling at 78*5 — 80° 
under L20 mm. pressure. 

Analysis showed it to be nearly pure methylic chloropropionate. 

0*3026 gave 0*4288 CO; and 0 1527 H 2 0. C = 38 65 ; H = 5*61 
ChHfOjCl requires C = 39*19 ; H = 5 71 per cent. 

It was found to give a rotation of — 59*o° in the 200 mm. tube at 
the ordinary temperature, and an exact determination of the specific 
rotation gave the following value : — 

a = — 31*07°; l = 100 mm.; d] = 1*158; hence [a] D = — 26*83 c . 

The value found by Walden for this salt is 19*01°. 

Dextro-propyllc Chloropropionate . — Thirty grams of Z-lactic acid 
syrup were treated in a similar manner with 150 grams of phosphorus 
pentachloride; 225 grams of propylic alcohol were then slowly added 
to the mixture, which was heated for a short time, and then allowed 
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to stand 12 hours On pouring this solutiou into water, much oil 
separated which had a Zcpwo-rotation of between 4° and 5° in the 
100-mm. tube. Sodium carbonate dissolved a considerable quantity 
of it, and from the alkaline solution an oil was again precipitated by 
addition of acid. This acid oil was strongly Zcero-rotatory. The oil 
remaining undissolved by sodium carbonate was dried with calcium 
chloride and distilled under reduced pressure. After repeated frac- 
tional distillation and loss of much substance, the salt was obtained 
boiling at 57° under a pressure of 12 mm. The yield amounted only 
to 6 grams. 

Analysis showed that it was approximately pure propylic chloro- 
propionate. 

0*2495 gave 0*4308 CO a and 0*1611 H a O. C = 47*09 ; H = 7*lb. 

CaH u 0 2 Cl requires C = 47 84 ; H = 7 31 per cent. 

A determination of the specific rotation gave the following 
result : — 

a = + 11*71°; 1 = 100 mm,; dj = 1*065; hence [a] D = -f 11*0°. 

Etheteal Bromopropionates. 

The bromo-salts weie also prepared at first by the action of 
phosphorus pentabromide on lactic acid ; but decomposition seemed 
to set in much more readily than with pentachloride, and it was 
found in attempting to prepare the propylic salt, that by far the 
greater part of the product was a high -boiling substance of opposite 
activity to the bromo-salts. It seemed therefore quite probable that, 
even m the methylic and ethylic salts, where a high degree of optical 
activity had been observed, there might be a considerable amount of 
racemoid substance present, produced by beating the comparatively 
unstable bromopropionate in the presence of such energetic reagents 
as strong hydrobromic acid and phosphorus oxybromide. The salts 
were accordingly prepared by acting with phosphorus pentabromide 
upon ethereal lac tares dissolved in chloroform, by which means heat- 
ing was avoided and the reaction effected in a very short time, so 
that transformation into the racemoid form was almost impossible. 
The result of the experiments with lactic acid are given below, as 
well as those with ethereal lactates. 

Dexiro-mefhylic Bromopropionate . — This substance was prepared 
from d-lactic acid in the same way as the corresponding ohloro-salt 
but as the temperature was allowed to rise too high, some decom- 
position took place and the quantity of material obtained by fractional 
distillation was insufficient for complete purification. Its boiling 
point was 62 — 63° under a pressure of 30 mm, and the rotation 
observed in the 100-mm. tube was + 25°. 
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It was afterwards prepared from la?vo-methylic lactate. Twelve 
grams of this salt dissolved in 30 c.c. of chloroform were slowly 
added to 50 grams of phosphorus pentabromide. The reaction 
scarcely started till the flask was placed in warm water. After 
all the pentabromide had gone into solution, the liquid was cooled 
and water was slowly added to it ; the aqueous solution was neutral- 
ised with sodium carbonate and extracted with ether. This ethereal 
solution of the salt was dried with sodium sulphate, and after eva- 
poration of the ether, the residue was distilled under diminished 
pressure; 45 grams passed over at 96 — 93° under a pressure of 
135 — 120 mm. This fraction was evidently not quite pure, hut as it 
was too small for further purification, it wa3 analysed and examined 
in the polarimeter. 

0*3963 gave 0*4008 CO a and 0*1432 H,0. 0 = 27*58 ; H = 4*01. 

CJd-jChBr requires C = 28*74 ; H = 4*19 per cent. 

A determination of its specific rotation showed how very impure 
was the substance prepared directly from the acid. 

a = - f 63*20°; Z = 100 mm. ; dj 7 = 1*482; hence [a] D = -f 42*65°. 

Lavo-ethylic bromopropionate . — This salt was also prepared at first 
from Z-lactic acid, hut, in spite of every precaution being taken to 
keep the temperature as low as possible, it was afterwards found that 
about 50 per cent, of the salt had been rendered inactive. Its boil- 
ing point was at 63° nnder 20 mm. pressure and its specific rotation 
as follows: — 

a = — 20*08°; Z = 100 mm.; d\ = 1*410; hence [a ] D = — 14*24”. 

A quantity of the dextro-salt prepared in the same manner had an 
almost identical rotation, and an analysis by combustion showed that 
it was nearly pnre ethylie bromopropionate. 

0*394 gave 0*4745 CO* and 0*174 H a O. C = 32*84 ; H = 4*91. 

OffHsOaBr requires C = 33*15 ; H = 4*97 per cent. 

The Ifsvo-salt was also prepared from dextro-ctbylic lactate. 
Eighteen grams of this salt dissolved in 40 c.c. of chloi-oform were 
slowly added to 66 grams of phosphorus pentabromide. It required 
slight warming to dissolve the whole of the pentabromide. The pro- 
duct was treated in the same way as in the preparation of the 
methylic salt, and when subjected to fractional distillation yielded 
9*5 grams boiling at 87° under a pressure of 59 — 56 mm. A com- 
bustion showed that it was almost pure. 

0*2591 gave 0*3171 CO* and 0*1187 H a O. C = 33*38 ; H = 5*09. 

A determination of its specific rotation gave the following results ; 
ql = — 43*59° ; Z = 100 mm. ; = 1*3S6 ; hence [a]j> = — 31*45 r . 
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The value found by Walden for the specific rotation of this salt 
was — 7*18°. 

Lcevo-propylic Bro m op ropionate. — An attempt was made to prepare 
the propylic salt also from lactic acid, but it resulted entirely in the 
formation of high boiling substances of opposite activity to the 
bromopropionates. It was accordingly prepared from d-propylic 
lactate, In the manner above described for the methylic and cthylic 
salts. From lb grams of propylic lactate, 7 grams of the new 
bromo-salt were obtained boiling at 94° nnder a pressure of 50 mm. 
It was re-distilled and gave 5 grams boiling at 86 — 84° nnder 
32 — 28 mm. pressure. An anal) sis showed that it was nearly pure. 

0*8348 gave 0*4569 C0 2 and 0 i 711 H 2 0. 0 = 37*22 ; H = 5*68. 

C b H u OJBr requires C = 36*92 ; H = 5*64 per cent. 

A determination of its specific rotation gave the following value : — 
* = — 28*90°; l = 100 mm. ; d" =s 1*315; hence [a]© = - 21*98°. 

The results obtained for these bromo-salts show that we can be 
certain of obtaining the halogen derivatives of the active acids quite free 
from admixture with ihe racemoid form only by means of the ethereal 
salts of the hydroxy-acids. The values given above for the specific 
rotations of the chloro-salts cannot therefore be regarded with cer- 
tainty as correct, still the fact that etbylic chloropropionate was 
obtained by two different methods with the same degree of activity 
would seem to indicate that it at least is pure, and that the chloro- 
salts are ranch less liable than the bromo-salts to lose their activity 
when prepared directly from the hydroxy-acids. 

The results obtained for these nine ethereal salts are arranged 
below in tabular form, and in order that their relationship to each 
other may he quite evident, I have regarded them as all derived 
from (Ztfr/ro-lactic acid. 



Wo 

Mfo]B 

100 

1 Difference 
ior Cll a 

P x W. 



-11-10° 

-11*54° 

5-50° 

79 


—14 *52 

-17-18 

—22-53 

74 

w 

Pronvlin „ .......... 

—17*06 

5 39 

65 

Methylic chloropropionate. . 
Ethyfic „ 

Propylic „ 

Methylic bromopropionate. . 
Etliyfic „ 

Propylic „ 

+ 26*83 
+ 19*88 
+ 11 *00 
+ 42*6o 
+ 31*45 
+ 21 -98 

+ 32-87 
+ 27-14 , 

+ 16-56 1 

+ 71 -38rf 
+ 57 *02 
+42 80 

5*73 

10*58 

11*31 

14-16 

326 

416 

447 


The first general observation to be made regarding the above 
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numbers is that whilst the ethereal lactates rotate in the opposite sense 
to the lactic acid from which they are produced, the chloro- and broino- 
propionates rotate in the same sense, that is to say the introduction of 
halogen in the place of hydroxy] in the ethereal salts changes the 
sign of rotation. Again, in the lactates, if the product of asymmetry 
be calculated from Guye’s formula, the maximum ougLt to occur at 
the methylic salt, whereas there is a continued and large increase 
in molecular rotation as far at least as the propylic salt, and 
possibly further. This method of calculation of the product of 
asymmetry fails equally to harmonise with the resnlts observed 
in the ethereal chloropropionates, for m this series a maximum 
should occur at the propylic, whilst as a matter of fact the rota- 
tion decreases regularly from the methylic to the propylic salt. 
In the bromo- salts, the assumption that the masses alone of the 
radicles can be used as a measuie of the amount of asymmetry 
is disproved entirely, because whilst Br (= 80) is the heaviest of 
the four groups in the methylic and ethylic salts, in the propylic 
salt the mass of COOCJEI? (== 87) is greater than that of Br, con- 
sequently there onght to be a change in sign of rotation in passing 
from the ethylic to the propylic salt — a conclusion not in the least 
borne out by observation. Again, if mass is the chief factor determin- 
ing the direction of rotation, there is no reason why there should be 
a change of sign from the ethereal lactates to the chloropropionates, 
as there is no change in the order of mass of the radicles. Such a 
change, however, does occur in passing from methylic chloropropio- 
nate, where COOCH 3 (= 59) is greater than Cl (= 35*5), to methylic 
bromopropionate, and yet there is no change of sign in the rotation. 
On the contrary the rotation of the bromo* salt far exceeds that of the 
chloro-salt. 

If we consider the molecular rotations of the ethereal lactates we 
find that there is a constant increase of 5*5° for the addition of CH> 
to the carboxyl-group. In other words, if a curve be plotted for this 
series in which the abscissa represent the molecular weights and the 
ordinates the molecular rotations, the three points are found to lie 
on a straight line. The same is true of the ethereal bromopro- 
pionates, the difference between the methylic and the ethylic being 
14-3°, that between the ethylic and the propylic salts, 14*2°. A 
constant difference of rotatory power does nob appear between the 
members of the chloropropionic series, but this is also the one 
senes where we have reason to snspect that some of the rotations 
observed may be lower than the real values. The same relationship 
appears in the series of ethereal glycerates prepared by Frankland 
and MacGregor (Trans., 1893, 63, 1415), where there is an almost 
constant difference of 6*5° for the same three members. Now, even 
vol. Lxvn. 3 q 
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although the maximum point of a series calculated from the jjroduct 
of asymmetry does not agree with observation, it might be expected 
that the valuer obtained from Gruye’s equation would show some 
indication of this regular increase, but they do not do so. 

The whole relationship of this group seems to me to point to the 
conclusion that, as Crum-Brown at first supposed, a. must be "‘a 
function of the composition and constitution of the radicle, not neces- 
sarily proportional to the mass and the distance of the centre of 
gravity from the centre of the tetrahedron and that the equation 
to be used for finding the values of the /t’s of the radicles will contain 
the product of the differences of the /cs, not of the masses. If it 
contains this alone, then from these nine ethereal salts we shall have 
nine equations and only eight unknowns, so that they ought to he 
soluble. I wish, however, to delay consideration of this point until I 
have prepared the chloropropionates from the ethereal lactates also. 
When the values of * for H, CH 3 , OH, and C00CH 3 are determined, 
there will be plenty of material in the ethereal salts of valeric, 
glyceric, and malic acids for testing whether these values are constant 
or not. 

Although we are not yet in a position to calculate the absolute values 
of k, this much can be said, that the * of hydroxyl has a very different 
value from the k of the halogens. Besides in the ethereal lactates, 
chloropropionates, and bromopropionates, this change of sign appears 
in a large number of compounds already prepared, in some of which 
there is a change in the order of magnitude, in others no change. 
For example, 7-amylic alcohol, in which the order of magnitude of the 
radicles is H. CHj, C 2 H S , CH 2 OH, undergoes no change in the order 
of mass when hydroxyl is replaced by the halogens, yet all the 
halogen derivatives are of opposite rotation to the alcohol. Again, 
secondary 7-amylic alcohol, in which the order is H, 0 H S , OH, O3H7, 
undergoes no change in the order of mass by the substitution oi 
chlorine for hydroxyl, though it does so if iodine he used instead 
of chlorine, yet both chloride and iodide are dextro-Tot&tovy. The 
same influence appears very strongly in all the chloro- and 
bromo-salts prepared lately by Walden (loc. cit.), though it is not 
noted by him. In chlorosuccinic acid, its di-methylic and di- 
ethylic salts, as well as in ethylic chloromalate, there is no change 
in the order of mass of their radicles from that of the hydroxy - 
acids and ethereal salts from which they are produced, yet they all 
possess a rotation in the opposite sense to that of their corre- 
sponding hydroxy-compound. The powerful effect of the halogens ou 
the rotation is also very marked in the derivatives of mandelic acid. 
In phenylehloracetic add and its ethylic salt, the order of mass of 
the groups is the same as in mandelic add , from which they are 



MILLS: SOME NEW AZO-COMPOUNDS. 


925 


prepared, whilst in phenylbromacetic acid and in its ethyl ic salt, as 
well as in the propylic salt of phenylchloracetic acid, there is a 
change in the order : yet all these rotate in the opposite sense to 
the mandelic acid from which they are made. It seems quite certain, 
therefore, that this change in the sign of rotation in passing from the 
salts of the hydroxy-acids to their corresponding halogen derivatives 
is due to the great difference in value of the function of hydroxyl from 
that of the halogens. The values given above for the rotations of the 
chloro- and bromopropionates, taken along with those given by 
other investigators for other active chloro- and bromo-compounds, 
seem to me to warrant one other conclusion, viz., that since almost 
all bromo- derivatives are found to have a greater rotation than the 
corresponding chloro-derivatives, the rotation equivalent of bromine 
must exceed that of chlorine. But whether the rotation equivalents 
of analogous radicles are directly proportional to their masses or not 
is a problem still awaiting solution. 

In conclusion, I wish to express my thanks to Dr. Purdie, in 
whose laboratory this investigation was carried out, for the interest 
which he has taken in the whole progress of the research. 

United College of St. Salvator and St. Leonard^ 

University of St Andrews. 


XCIII. — Some New Azo-compounds* 

By Charles Mills, Assoc. C.Q.L.L 

Thi recent researches of Bamberger (Ber., 1894, 27, 1348 and 1548) 
and Wohl (ibid., 1432) have shown that when nitrobenzene is reduced 
under certain conditions, /3-phenylhydroxylamine is formed. 

This compound is readily oxidised to nitrosobenzene, so that the 
latter, originally obtained as a green oil by Baeyer by the action of 
nitrosyl bromide on mercury diphenyl (Ber., 1874, 7, 1638), can now 
he obtained in fairly large quantities. Baeyer showed that by the 

* {Since sending in this paper, 1 hare received a private communication from 
Professor Meldola in which he states that he has prepared metamidoazobenzene by 
the same method which I have employed. Professor Meldola hoe found that it is 
a coloured compound, and has the same properties as the substance described by 
me. 

I would also call attention to the paper by Meldola and Burls (JProc. OJtem . Soc. 9 
1893, 124, 126), which I had overlooked, in which they intimate their intention to 
study meta-azo-compounds, and describe metaphenolazo-a-naphthylamine ; also to 
the paper by Meldola and Hanes (JProc. CJiem, Soc., 1894, 140, 140), in which 
metanitrobenzene-azo-a-naphthalene, metanitroamidoazobenzene and metanitroazo- 
benzene are described. 

3 q 2 
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action of nitrosobenzene on aniline dissolved in acetic acid, azobenzone 
was formed. 

Tlie primary object of this research was to see if metainid'oazo- 
benzene could be obtained by the action of nitrosobenzene (1 mol), on 
metaphenylenediamine (1 mol.), and thus throw some further light 
on the “ quinonoid ” structure of azobenzene proposed by Dr. Arm- 
strong. 

It is evident that if metamidoazobenzene is a coloured substance, 
then the colour of azo-compounds does not necessarily depend on 
their having a “ quinonoid ” structure, since metamidoazobenzene 
cannot possibly be constituted in this way . 

Metamidoazobenzene was obtained, not, however, by the action of 
nitrosobenzene on metaphenylenediamine, but by the action of the 
former on metamidoacetanilide and the subsequent hydrolysis of the 
compound so formed. Metamidoazobenzene, prepared by a method 
given later, is an intense orange-coloured substance crystallising from 
light petroleum in silky needles. 

The action of nitrosobenzene on substances containing an amido- 
group was then further investigated, and the results, as far as at 
present ascertained, are now brought together in this paper. All the 
azo-compounds prepared in this way are coloured, and crystallise 
well. The results of the investigation at present seem to show that 
nitrosobenzene only reacts well with those substances containing an 
amido-group which are feebly basic; if the substance is strongly 
basic, then the yield of azo-compound is very small. Thus para- 
phenylenediamine (1 mol.) reacts with nitrosobenzene (1 mol.) to 
form paramidoazobenzene, but the yield is very poor, whereas with 
paramidoacetanilide the yield of paracetylamidoazobenzene is very 
good. Again, the reaction between nitrosobenzene and metaphenylene- 
diamine was tried under very many conditions, but nothing but a 
black, slimy tar was obtained ; the reaction with metamidoacetanilide, 
however, gave a fairly good yield of metacetylamidoazobenzene, 
although not so good as with the isomeric para-componnd. 

/8-PhenyIhydroxylamine was prepared by the method of Wohl 
(Per., 1894, 27, 1482). The average yield from several experiments 
was about 50 per cent, of the theoretical, when the alcoholic solution 
was distilled quicHy under reduced pressure. 

The p-phenylhydroxylamine was oxidised to nitrosobenzene by 
potassium diebromate and sulphuric acid (Bamberger, Per., 1894, 
27, 1555), and if this is done carefully and as near 0° as possible, the 
yield of crude nitrosobenzene is about 90 per cent, of the theoretical. 
The nitrosobenzene used in these experiments was obtained by steam 
distilling the crude oxidation product. It comes over as a green oil 
which solidifies to a white solid on cooling. 
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Metacetykimi doazobenzene . — This substance is prepared by .the 
action of mtrosobenzene on metamidoacetanilide. The latter com- 
pound was prepared in the crystalline form by Dr. Lawson, who 
gives the following method of preparation : — Ten grams of meta- 
nitracetanilide are ground up in a mortal’ with 5 grams of iron dust, 
and the whole gradually dusted into 200 c.c. of boiling water made 
slightly acid with a few drops of acetic acid. The reduction takes 
about one hour, after which the mixture is diluted, made alkaline 
with ammonia, boiled, and filtered hot. The filtrate is evaporated to 
a syrup on a water bath, and crystallisation started by rubbing or 
with a crystal. The yield of metamidoacetanilide is practically 
theoretical. 

Eight parts of metamidoacetanilide are dissolved in 10 parts of 
glacial acetic acid and 40 parts of ordinary spirit. The solution is 
cooled down to about 4-5° and then 6 parts of nitrosobenzene dis- 
solved in 10 parts of glacial acetic acid and 40 parts of spirit, also 
cooled down to about -f 5°, are added. Reaction at once begins, the 
colour of the mixture becomes dark yellow, and there is a slight rise 
in temperature. The mixture is allowed to stand nntil, on dilating 
a drop with water, there is no longer any smell of nitrosobenzene. 
This usually takes about two hoars. The solution is then poured on 
to powdered ice, and sodium carbonate solution gradually added 
until neutral. During this process, a black, tarry-looking substance 
gradually separates out. This is filtered off and dissolved in hot 
benzene, fractionally precipitated with light petroleum spirit, and the 
liquid decanted off from time to time as the tar separates out. In 
this manner a golden-yellow product was obtained, which, after 
repeated crystallisation from acetic acid, melted at 130 — 131°. The 
yield from 8 grams of metamidoacetanilide is about 5 grams. The 
substance crystallises from acetic acid in golden-yellow platey needles. 
It is readily soluble in ether, benzene, alcohol, chloroform, ethylic 
acetate, and acetic acid, almost insoluble in light petroleum. On 
hydrolysis with caustic soda, it gives raetamidoazobenzene. Hydrolysis 
with hydrochloric or sulphuric acid gives aniline and metaphcnylene- 
diamine. 

0T664 gave 25*5 c.c. of moist nitrogen at 18*9° and 741 "2 mm. 

TT = 17*53 per cent. 

0*1143 gave 17*5 c.c. of moist nitrogen at 16 8° and 737*4 mm. 

H = 17*56 per cent. 

Ci4H 18 $r 3 0 requires N s= 17*57 per cent. 

Reduction of Metacetylcmidoazohenzene , — Two parts of metacetyl- 
amidoazobenzene are ground up in a mortar with one part of iron 
dust, and the mixture is introduced into a flask with 50 parts of 
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water. When boiling, about six drops of glacial acetic acid are added. 
This starts the reduction, and aniline begins to come off. The mix- 
ture is boiled as long as aniline continues to come off, water being 
added from time to time if necessary. When the reduction is finished, 
the mixture is diluted, made slightly alkaline with ammonia, filtered, 
and evaporated to dryness. It is then extracted with benzene, from 
which crystals of metamidoacetanilide (m. p. 87 — 89°) separate. 

Metamidoaaobensme . — Five grams of metacetylamidoazobenzene 
are boiled with 40 c.c. of caustic soda solution (about 45 per cent. 
NaOH) for about two hours. During the ebullition the substance 
melts and the mixture is well shaken. On allowing the mixture to 
stand, the oil solidifies ; from this the liquor is poured off, and the 
solid product repeatedly recrystallised from light petroleum spirit, 
from which it crystallises when pure in long, silky, orange needles, 
m. p. 56 — 57°. It is also readily soluble in alcohol, acetic acid* ethylic 
acetate, acetone, chloroform, benzene, and ether. 

0'1729 gave 30*8 c.c. of moist nitrogen at 12*5° and 756*9 mm. = 
21*25 per cent. 

0*1401 gave 25*5 c.c. of moist nitrogen at 15*3 and 759*4 mm. = 
21*49 per cent. 

Ci 2 HiiN' s requires N = 21*31 per cent. 

Action of Nitrosobenzene on Aniline . — Five parts of nitrosohenzene 
are dissolved in 15 parts of glacial acetic acid, and this solution is 
added to a solution of 5 parts of aniline in 10 of acetic acid. Reac- 
tion commences at once, and the temperature gradually rises to about 
45°, but begins to fall as soon as the reaction is finished. On cooling, 
a mass of crystals separates ont, which on recrystallising are found to 
be azobenzene, m. p. 68°. The yield is practically theoretical. 

Action of Kitrosob&nzene on Phenylhydrazine. — Nitrosobenzene reacts 
with about one-third of its weight of phenylhydrazine, the chief pro- 
duct of the reaction being azobenzene. 

Ten grams of nitrosobenzene were dissolved in 30 grams of acetic 
acid, and to this solution phenylhydrazine was gradually added from 
a dropping funnel. The substances react at once, and a gas is 
evolved. When about 3 grams of phenylhydrazine have been added, 
the evolution of gas ceases. The gas was collected, and appeared to 
be all nitrogen. The product was diluted, when a black oil sepa- 
rated ; this was extracted with ether and finally distilled ; after 
the ether had distilled over, a small quantity of phenylcarbylamine 
came over, and finally the main bulk distilled; this was a red oil, 
solidifying on cooling. On recrystallising, it was found to be azo- 
benzene. No other products of the reaction were isolated. 

Action of Nitrosobenzene on Par am Ldoazobenzen e. j Formation of 

JD ipwradiphmyldisazophen ylene^ — Eight parts 
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of paramidoazobenzene are dissolved in 40 parts of glacial acetic 
acid, and to the warm solution 4 parts of nitrosobenzene dissolved 
in 8 parts of acetic acid are added. The mixture is then warmed 
on a water bath fox* about a quarter of an hour at 70 — 80°. On 
allowing the mixture to stand, a red precipitate separates out, 
which on recrystallising from glacial acetic acid melts at 168 — 169°. 
The yield from 8 grains of paramidoazobenzene is 12 grams of dipara- 
diphenyldisazophenylene. This substance crystallises from glacial 
acetic acid in small leaves ; it is very slightly soluble in ether, ben- 
zene, alcohol, ethylic acetate, and hot petroleum spirit, more readily in 
hot acetic acid. On trying to prepare this substance by the action of 
2 mols. of nitrosobenzene on 1 mol. of paraphenylenediamine nothing 
but a black-looking tar was formed, from which no ciystalline sub- 
stance could be obtained. Diparadiphenyldisazophenylene is a very 
stable substance, and very difficult to sulphonate. On warming it 
with 50 per cent, sulphuric anhydride for two days, the substance 
remained unchanged. 

An attempt was also made to prepare the sulphonic acid by the 
action of nitrosobenzene on paramidoazobenzeneparasulphonic acid, 
but without success, although the experiment was tried in different 
solvents and under many conditions. Analysis of this substance gave 
the following numbers. 

0*0962 gave 16*8 c.c. of moist nitrogen at 20° and 765*6 mm. N = 
20*04 per cent. 

0*1152 gave 19*3 c.c. of moist nitrogen at 17*9° and 766*4 mm. N = 
19*68 per cent. 

O fl H 5 -3Sr 2 -C 6 H 4 -N 2 -C a H 5 requires N = 19*58 per cent. 

j Reduction of Diparadiphenyldisazophenylene. — Five grams of the 
substance were ground np in a mortar with 3 gi*ams of iron dust, and 
the mixture introduced into a flask with 50 c.c. of water. When 
boiling, a few drops of acetic acid were added, and the mixture boiled 
till there was no longer any smell of aniline. The mixture was then 
made slightly alkaline with ammonia, boiled, and Altered hot. The 
paraphenylenediamine in solution was identified by converting it 
into paraquinonedichlorimide, m. p. 134°, by Krause's method (Per., 
’ 1879, 12, 47). 

Action of Nitrosobenzene on Paratoliddine . Formation of Parabea- 
zeneazotolnene . — Ten parts of nitrosobenzene are dissolved in 20 parts 
of glacial acetic acid, and to the solution 10 parts of paratoluidine in 
10 parts of glacial acetic acid are added. The reaction commences 
at once, and the mixture must be kept cool. On standing, crystals 
of parabenzeneazotoluene separate out, and may be filtered with the 
aid of a filter pump and washed clean with a little dilute spirit. 
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On diluting the liquors with water, a further quantity of the 
product may be obtained. The yield of crude product is about 90 per 
cent, of the theoretical. 

Parabenzeneazotoluene crystallises from dilute alcohol in beautiful, 
golden leaves, which, when pure, melt at 71 — 72°. It is readily 
soluble in chloroform, ether, light petroleum spirit, cthylic acetate, 
and benzene, but less readily in alcohol and acetic acid. On reduction 
with iron and acetic acid, it gives a mixture of aniline and para- 
toluidine. Parabenzeneazotoluene was also prepared by the action 
of paranitrosotoluene on aniline. The two products were identical 
in all respects. Analysis gave the following. 

0*2495 gave 28*0 c.c. moist nitrogen at 12*5° and 757*4 mm. N“ = 14*35. 
01426 „ 17*4 „ „ 9*1° „ 754*4 „ hr = 14*7. 

Ci 3 H 12 hr 2 requires KT = 14*28 per cent. 

Parabeoizeneazotoluenesulphonic acid . — This substance is readily 
formed by the action of fuming sulphuric acid on parabenzeneazo- 
toluene. Fifteen parts of the latter are dissolved in 60 parts of 
100 per cent, snlphuric acid, and then 30 pares of 50 per cent, sul- 
phuric anhydride added, and the mixture is heated on a water bath 
at 70 — 80° for about two hours. On pouring the mixture into water 
and allowing it to cool, the free acid separates out as a greenish mass 
of silky needles. 

The sodium salt was prepared by boiling the sulphonated product 
with caustic soda and then adding sodium carbonate until just 
alkaline. When this is the case, the colour of the solution changes 
to reddish-yellow. On cooling, the sodinm salt cryscallises out in 
fine, reddish-yellow leaves, which can be recrystallised from hot 
water. 

Analysis of the sodium salt gave the following numbers. The 
salt contains no water of crystallisation. 

0*5275 gave 0*1256 Na 2 SO*. Xa = 7*72. 

0*2140 „ 0-0501 „ Na = 7 58. 

CisHnl^SOJSa requires Na 7*72 per cent. 

The copper salt of this acid is only slightly soluble in water, from 
which it crystallises in buff-coloured, microscopic leaves. The silver 
salt was prepared by adding silver nitrate solution to the sodium salt 
dissolved in water. It is sparingly soluble in water, and crystallises 
from it in orange-brown leaves 

Parabenz&}ieazotolue7iesulp]ionie Chloride . — Equivalent quantities of 
sodium parabenzeneazotoluenesulplionate and phosphorus penta- 
chloride were mixed together in a dish. Action commences as soon 
as the mixture is warmed, and the whole melts and goes dark red. 
When the reaction was finished, the substance was allowed to cool 
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•when it again -went solid ; it was then powdered, washed well with 
water, and recrystallised from benzene, from which solvent it comes 
down in bright red prisms, m. p. 130 — 132 c . It is also readily soluble 
in hot alcohol, acetic acid, other, chloroform, and acetone, less soluble 
in petroleum spirit and ethylic acetate. A determination of chlorine 
by Garins’ method gave the following result. 

0*2164 gave 0*1073 AgCl. Cl = 12*27. 

OisHuNT 2S OsCl requires Cl = 12*05 per cent. 

Reduction of Sodium Parabenzeneazotoluenesulplionate . — Eight parts 
of the dry salt are dissolved in a small quantity of boiliDg water, and 
a few drops of acetic acid added. Three parts of iron dust are then 
gradually added. Boiling is continued until no more paratoluidine 
distils off, water being added, if necessary. The mixture in the flask 
is then diluted, made slightly alkaline with ammonia, boiled, and 
filtered. The filtrate was proved to contain parasulphanilic acid by 
converting the latter into parasulphobenzeneazo-/?-naphthol and com- 
paring this with the dye stuff obtained directly from /J-naphthol and 
diazobenzenesulphonic acid. 

Preparation of Parabemeneazo-orthacettoluide, 

C 6 H 3 *CH 3 ’NEA c-N:N-C 6 H 5 (CHs = 1, NHAc = 2, -JSTzN- = 4;. 

— Ten parts of nitrosobenzene are dissolved in 20 parts of glacial 
acetic acid. Fifteen parts of paramido-orthacettoluide are dissolved 
in 20 parts of acetic acid. These solutions, when cold, are added one 
to the other and allowed to stand, when a solid, yellowish-brown 
mass separates out, which is filtered with the aid of a filter pump and 
washed with dilute spirit. The yield from 10 grams of nitrosobenzene 
is about 21 grams of the azo-compound. 

Parabenzeneazo-orthacettolnide crystallises from alcohol in fine, 
light-yellow needles, and melts at 199°. It is readily soluble in 
alcohol, ethylic acetate, acetic acid, and hot benzene, but insoluble in 
ether, cold benzene, and light petroleum spirit. On hydrolysis, it 
gives metamidop arabenzeneazo toluene, and on reduction with iron 
and a small quantity of acetic acid, in the same way as that described 
for parabenzeneazotolnenesulplionic acid, it gives anilino and 
paramido-orthacettoluide. 

Analysis of this substance gave the following numbers. 

0*2329 gave 32*7 c.c. of moist nitrogen at 10*5° and 750*8 mm. 
MT = 16*91. 

0*0950 gave 13*5 c.c. of moist nitrogen at 11*0° and 755*4 mm. 

H = 17*04 

0T469 gave 21*2 c.c. of moist nitrogen at 15*2° and 749*3 mm. 
N = 16*90. 

CVJSisN" 3O requires N = 1G*54 per cent. 
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Hydrolysis of Farabenz en eazo-ot thacetotol uide. Formation of Met - 
nmdoparahenzeneazotoluene, (CH 8 = 1, NH 2 = 2, -NtN- = 4. — 
Five parts of parabenzeneazo-orthacettoluide are boiled up in a 
flask witb 20 parts of caustic soda, dissolved in a little water. The 
boiling is continued until the substance melts, when it forms a red 
oil on the surface of the soda. The mixture is shaken up well, and 
boiled for about a quarter of an hour, water being added if necessary. 
On diluting and cooling, the hydrolysed product formB a cake on the 
surface of the liquid. The latter is decanted off, and the solid pro- 
duct washed well with water, dried, and recrystallised from benzene. 
From this solvent it crystallises in intense yellow, microscopic 
needles, melting at 105 — 107°. It is readily soluble in acetic acid, 
■chloroform, alcohol, ethylic acetate, and ether, less soluble in benzene, 
and very slightly in petroleum spirit. 

Analysis gave the following results. 

0-2078 gave 35*4 c.c. of moist nitrogen at 13*75° and 755*7 mm. 
NT = 20*20. 

0*1506 gave 24*5 c.c. of moist nitrogen at 7° and 765*0 mm. 
NT = 20*03. 

CiaHuNj} requires 1ST = 19*91 per cent. 

F reparation of Benzmeorthazo-orthacettoliiide , 
0 6 H 4 *N-HAc-CH 3 *ISr:isr*C 6 H 0 (NHAc = 1, CH 8 = 2, -TOT- = 3). 

— This substance is prepared by the action of nitrosobenzene on 
orthamido-orthacettolnide, C fi H 4 *NH a -CH 3 *NHAc (CH 3 = 1, NHAc 
= 2, NH 2 = 6). Twenty grams of the latter are dissolved in 
40 grams of glacial acetic acid, and this mixture added to a solution 
of 12 grams of nitrosobenzene in 20 grains of acetic acid. No appa- 
rent action takes place in the cold, but on warming to about 60°, and 
then allowing to stand, a beautiful, dark-red body crystallises out in 
fine needles, which, on recrystallising from dilute alcohol, melts at 
194°. The yield of crude product is about 16 grams. 

Benzeneortbazo-orthacettoluide is readily soluble iu acetic acid, 
alcohol, ethylic acetate, aud chloroform ; less readily in benzene and 
ether ; almost insoluble in light petroleum spirit. 

On hydrolysis with caustic soda, it gave an oily substance, which 
was very difficult to obtain quite pure. On crystallising several 
times from benzene, and fractionally precipitating with light petro- 
leum spirit, a product was obtained crystallising in rosettes of bright 
red, platey needles, and melting at 63 — 64°. This is probably metamido- 
benzeneorthazotoluene, C 6 H 4 *NH 3 *CH 3 *N 2 -C 6 H 5 (NH 2 = 1, CH 8 = 2, 
= 3). 

Benzeneazo-orthacettoluide, on reduction with iron dust, and a 
few drops of acetic acid, gave aniline and orthamido-orthacetotoluide 
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Analysis of the substance for nitrogen gave the following. 

0T468 gave 22 c.c. of moist nitrogen at 19 9° and 742*4 mm. 

1ST as 17*11. 

0*1966 gave 27*5 c.c. of moist nitrogen at 19*1° and 765*6 mm. 

H = 16*52. 

CisHi^O requires H = 16*54 per cent. 

The reactions between nitrosobenzene and bodies containing an 
amido-gronp are still being investigated, and tbe author hopes before 
long to publish further results. 

In conclusion, the author begs to offer his thanks to Messrs. Brooke, 
Simpson, and Spiller, Limited, in whose laboratory at the Atlas 
Works, Hackney Wick, this investigation has been carried out. 

Laboratory , Atlas Bye Works, 

Hackney Wick , N.E. 


XCIV . — Some Derivatives of Maclurin . 

By Charles Samuel Bedford and Arthur George Perkin, F.RS.E. 

Some years ago, during some experiments with old fustic (Moms 
Unctoria ), it was found by one of us that when an aqueous extract 
of this dye-stuff is treated with diazobenzene sulphate or other 
analogous substance, a new colouring matter is produced. As this 
was recognised to be of commercial value, the process was patented 
(C. S. Bedford, Eng. Pat. Ho. 12667, 1887), and the manufactured 
product is now known under the name of “ Fustin.” 

The principal constituents of old fustic are, as is well known, 
morin, C15H10O7, and maclurin, Ci 3 H 10 O6, both of which are colouring 
matters, and investigation soon revealed the fact that the latter only 
is useful for this purpose. AlS the constitution of maclurin has lately 
been the subject of numerous investigations, and, moreover, as it is 
not generally known which of the constituents of old fustic form the 
basis of these new dye-stuffs, it appeared desirable to submit the 
sul)jcct to examination. 


Benzeneazomachtrin . 

To a slightly alkaline aqueous solution of maclurin, a solution 
containing diazobenzene sulphate (2 mols.) was added, causing the 
formation of a bright red precipitate. After standing a short time 
this was collected, washed with water, dried, and purified by crystal- 
lisation from nitrobenzene. 
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0-1056 gave 0*2460 CO* and 0 0393 H a O. 0 = 63*52 ; H = 4*13. 
0*1344 „ 0*3126 „ 0*0415 „ 0 = 63*43 ; H = 3*84. 

0*1467 „ 16 c.c. N ; t = 25° ; bar., 745 mm. W = 11*97. 

Cj^HsOeCNIN-CBHs)* requires 0 = 63*82 ; H = 3*82 ; NT = 11*91 per 

cent. 

It was therefore a compound of maclurin with 2 mols. of diazo- 
benzene. When crystallised from nitrobenzene, it appeal’s as a 
salmon-red mass of slender, hair-like needles, when from acetic acid, 
in the form of small needles, somewhat resembling alizarin in appear- 
ance. By the addition of alcohol to a boiling solution of this substance 
in a mixture of acetic acid and nitrobenzene, it is deposited on long 
standing as a beautiful, glistening mass of prismatic needles. It is 
very sparingly soluble in acetic acid, more readily in nitrobenzene, 
almost insoluble in alcohol and benzene. Dilute alkalis dissolve it 
with a bright, orange-red colour, and if these solutions are treated 
with zinc dust, reduction rapidly ensues with production of a pale 
yellow liquid. The barium salt prodaced by double decomposition 
forms orange-red flocks almost insoluble in water. The colouring 
matter dissolves in sulphuric acid with an orange-red colour. 
Attempts to produce a compound of maclurin with 1 mol. of diazo- 
benzene were unsuccessful, in all cases the substance above described 
was produced, and the presence of free maclurin could be detected 
in the filtrate. 

Orthoto lueneazomadurin was prepared from orthotoluidine and 
maclurin in a similar manner to the preceding compound. It was 
purified by crystallisation from nitrobenzene. On analysis, 

0*1150 gave 0*2742 C0 2 and 0*0467 H s O. C = 65*02 ; H = 4*51. 

0*1345 „ 13*4 c.c. N ; t = 23; bar., 745 mm. N = 11*00. 

CxaHAC^-CA-OHa), requires C = 65*06 ; H = 4*41 ; 1ST = 11*25 

per cent. 

It was obtained as slender, hair-like needles, closely resembling 
the diazobenzene compound. 

Paratohimeazomaclurin crystallised similarly. On analysis 

0*1430 gave 14*6 c.c. nitrogen at 22°, and 762 mm. N = 11*59. 

0i 3 H s 0 6 (]Sr:N’C 6 H 4 -CH3)> requires N = 11*25 per cent. 

Paranitrobenceneazomaclurin , from paranitraniline and maclurin was* 
obtained as a chocolate coloured mass, which crystallised from a 
mixture of nitrobenzene and acetic acid in spongy masses of very 
minute needles. 

0*1155 gave 15*4 c.c. nitrogen at 23 c and 745 mm. N = 14*72. 

CxaffaOfiCN^CsH^NO,^ requires N* = 15 per cent. 

Maclur£nazobenzenepara*nlphonatt> of bodmm . — To maclurin, dis— 
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solved in dilute alkali, a solution containing 2 mols. of diazobenzene- 
parasulphonic acid was added, causing the formation of an orange- 
red liquid. As this solution gave no precipitate when neutralised 
and saturated with common salt, it was, in the acid condition, 
treated with a large excess of this substance ; an orange-red, tarry, 
resinous mass then separated. This product, when dissolved in a 
little hot water and treated with a small quantity of sodium carbon- 
ate solution, deposited an orange-red, crystalline precipitate, which 
was washed with a little water, followed by dilute alcohol, and recr ys- 
tallised from water. 

It formed an orange-red mass, seen under the microscope to consist 
of minute crystals. These were moderately soluble in water, almost 
insoluble in alcohol, and, when dry, possessed a beetle-green lustre. 
Analysis indicated that this substance consisted of the acid sodium 
salt, Ci 3 H 8 0 6 (N:N-CbH 1 *S0 3 Na)2, hut contaminated with a trace of 
a more alkaline salt. Owing to the somewhat poor yield obtainable 
of this substance, it was not found possible to isolate it in an 
absolutely pure condition without the use of considerably larger 
quantities of raw material than were at our disposal. By double 
decomposition it yields a barium salt in tbe form of an orange-red, 
amorphous precipitate, slightly soluble in water. 

Maclurin, as is to be expected, yields colouring matters with diazo- 
xylenes, tetra-azodiphenyl, and allied substances. The former closely 
resemble tbe diazobenzene derivative, and tbe latter is obtained as 
a chocolate-brown powder of a very insoluble nature. 

Maclurin has been shown by Konig and Kostanecki (Ber., 1893, 
27, 1994) to yield a pentabenzoyl derivative, CisH 50(C 7 H 6 0 )s, and, 
moreover, as it yields phloroglucin and protocatechuic acid by reduc- 
tion or digestion with strong alkali, it appears to be an hydroxy- 
ketone, which may be represented thus, C 6 Hs(OH)a*CO*C 6 H2(OH)3. 

Experiments showed that protocatechuic acid does not combine with 
diazobenzene, whereas from phloroglucin, Weselsky and Benedikt 
(Ber., 1879, 12, 226) have obtained benzeneazophloroglncin 

(OH)jCeH(N:N # CcH a ) 8 . It is, therefore, most probable that in 
benzeneazomaclurin, both diazobenzene molecules are united with the 
phloroglucin nucleus, the formula of the substance being conse- 
quently 


OH 


c 6 h 3 (oh)j.co-/ Ns [N:n-o s h, 


ohI Joh 


0.H, 


'“V 


It is interesting to note that cateehin yields a compound with 
diazobenzene, C 18 Hi60s(NVC 6 H5) a (Ebti, Monatsh., 1881, 2, 252), and 
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tliat the substance termed cyanomaclurin which is present with 
morin in jack wood gives a similar substance, C i 5 Hi 0 O 6 (NV CaH 3 ) 3 
(Perkin and Cope, this vol., p. 942). Our experiments have shown 
also that aqueous extracts of some tannin snbstances yield new com- 
pounds in this way, and it is known that these contain substances 
allied most probably to maciurin and catechin. Experiments with 
quercetin, fisetin, and morin, showed that they behave towards diazo- 
benzene somewhat differently, though, like maciurin and catechin, all 
yield phloroglucin as one of the products of their decomposition with 
alkali. When treated in alkaline solution with diazobenzene sulphate, 
they yield deep brown precipitates, though with some difficulty, and 
these possess little tinctorial value. It is possible that these reactions 
are characteristic of the above two classes of natural products, the red 
coloured easily formed dye-stuffs being produced from derivatives of 
the benzophenone class, whereas the brown indicate the presence of 
the xanthone or phenylated <y-pyron group. 

Dyeing Properties. 

As is to be expected from their constitution, benzeneazomaclurin 
and its homologues, dye wool and silk, both alone and with the aid of 
mordants. By the former method, using a slightly acidified bath, 
shades are obtained which vary from a light orange to a brown 
colour according to the strength of the solution. On striped mor- 
danted calico there is obtained with aluminium mordant, orange-red, 
and, with iron mordant, pale olive to deep brown shades, and closely 
similar results are obtainable with wool and silk in the same manner. 
With chromimn mordant upon wool and silk, the results resemble 
those obtained with unmordanted fabrics, the colours, however, being 
deeper and of greater utility. The benzeneazo-, ortho-, and para- 
tolueneazo-, xyleneazo-, and paranitrobenzeneazo-derivatives of 
maciurin yield very similar colours ; the shades become, however, 
redder in tone in the order in which they are here placed. By the 
action of soap the colours obtained are at first slightly impoverished, 
but farther treatment has but little action. 

The acid sodinm salt of maclxLrinazobenzeneparasulphonic acid 
dyes unmordanted wool and silk orange-yellow to orange coloured 
shades. 


Glothworkers 7 Research Laboratory , 
Dyeing Department , 

Yorkshire College. 
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XCY . — The Constituents of Artocarpus integrifolia. 

Part L 

By Arthur G-lorue Perkin, F.R.S.E , and Frank Cope. 

Artocarpus integrifolia is ilie well-known jack-fruit tree, belonging to 
the JJrticacece, a large tree cultivated throughout India, Burmah, and 
Ceylon, except in the north. When freshly cut, the heart- wood is yellow, 
but this, on long exposure to air gradually darkens, finally becoming of 
a mahogany colour. It is largely used for carpentry, furniture, &c , 
being considered one of the most handsome furniture woods used in 
the country, and is stated to be exported to Europe for this purpose. 
The rasped wood is used by the natives of India and Java as a yellow 
dye, in conjunction with alum, for colouring the robes of the Burmese 
priests, also for dyeing silk, and for general purposes. 

A sample of this wood was brought to England by Mr. John 
Ingleby, late Chief Surveyor* of the Northern and North Central 
Provinces of Ceylon, who introduced it to the notice of Messrs. Wood 
and Bedford, of Leeds. This firm being anxious to test its utility as 
a dye-stuff, and, moreover, being struck by its resemblance to old 
fustic (Morus tinctona) 9 imported a considerable quantity from 
Ceylon, and to them our best thanks are due for a supply of material 
for the carrying out of this investigation. 

A characteristic property of this dyewood, by which it may be dis- 
tinguished from either old fustic or any other natural yellow dye- 
stuff that has come under our notice, is as follows. If an aqueous 
decoction be treated with dilute alkali, a yellow solution is obtained, 
and this, if gently warmed, assumes a beautiful blue tint, which, on 
standing, rapidly becomes green, and finally brown-yellow. 


The Colouring Matter . Morin , 

The ground wood was extracted for six hours with 10 times its 
weight of boiling water, and the light brown extract, while still hot T 
treated with lead acetate solution as long as a precipitate was formed. 
After standing some hours, this was collected, washed with water, 
and the filtrate placed aside for subsequent examination. The lead 
compound, being made into a thin cream with water, was run in a 
fine stream into boiling dilute sulphuric acid, au orange-brown 
liquid resulting, which contained in suspension a small quantity 
of a sticky, resinous substance. As the latter had the effect of 
greatly retarding the subsequent filtration, the boiling mixture 
* Indian Civil Service. 
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was treated with some quantity of barium chloride solution, the 
precipitated baiinm sulphate formed carrying down with it this 
impurity, which could now be readily removed by the use of a hot- 
water filter. The filtrate was extracted with a large volume of ether, 
the extract evaporated, the brown, semi-crystalline residue thus 
obtained dissolved in a little acetic acid, and the solution treated 
with three times its volume of boiling water. On cooling, a light- 
coloured, crystalline product separated, and this was collected, 
washed with dilute acetic acid, and recrystallised in a similar manner 
until colonrless. 

0T254 dried at 160° gave 0-2740 C0 2 and 0 0394 H a O. C == 59*59 ; 
H = 3*49. 

Oi a H 10 O 7 requires 0 = 59*60 ; H = 3*31 per cent. 

Thus obtained, it appeared as a mass of colourless, glistening 
needles, readily soluble in alcohol and acetic acid, somewhat sparingly 
an ether, and melting with decomposition at about 300°. Solutions 
of the alkalis dissolved it with a yellow colour, and if these liquids 
were treated with excess of alkali, crystalline salts were deposited in 
the form of slender needles. The barium and lead compounds were 
obtained as orange coloured, amorphous precipitates insoluble in 
■water. Sulphuric acid dissolved the substance C^IIioO? with a yellow 
colour, and addition of ferric chloride to its alcoholic solution caused 
the foimation of a green liquid. It dyed mordanted calico with 
shades which appeared identical with those given by morin, one of 
the colouring matters of old fustic (JLTorus t Victoria), and as, more- 
ovei*, both substances, when treated with sodium amalgam in 
alcoholic solution, yielded a characteristic deep green liquid, it 
appeared piobable that they were identical When heated they 
behaved similarly, and when destructively distilled both yielded a 
small quantity oi a sublimate, crystallising from water in the form 
of minute yellow needles, which had the properties of JBenedikt’s 
paramorin {JBer., 1875, 8, 60G). 

In a former communication (Perkin and Pate, this vol., 649) it 
was shown that though morin yielded acid compounds very similar 
to those produced from quercetin and other allied colouring matters, it 
differed from these in that during the formation of its sulphuric add 
compound 1 mol. of water is eliminated. In order, therefore, to be 
quite certain that the colouring matter of jack-wood was really 
morin, its solution in boiling acetic acid was treated with sulphuric 
add. On cooling, an orange-red, crystalline mass separated, which 
♦was collected, washed with acetic acid, and dried at 110°. 

0T382 gave 0*2388 CO a and 0*0400 H a O. O = 47*12 ; H = 3*21. 
C m H* 0 6 ,H 2 S0 4 xequires C = 47*11; H = 2*62 per cent. 
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The hydrobromic acid compound, obtained in a similar manner 
was also analysed. 

0-1348 gave 0*2312 CO* and 0 0378 H a O. C = 46-77 ; H = 3*12. 

Ci 5 H 10 O 7 ,HBr requires C = 47 00 ; H = 2*84 per cent. 

The composition of the sulphuric acid compound, and a comparison 
of this and the hydrobromic acid derivative with those of morin 
obtained from old fustic, left no doubt as to their identity. The 
colouring matter of jack wood is therefore morin * 

Gyanomaclurin . 

The aqueous filtrate from the lead compound of morin was treated 
with sulphuretted hydrogen, the lead sulphide filtered off, and the 
nearly colourless filtrate evaporated over the steam bath. During this 
operation, it became gradually darker, and, as a final result, a thick, 
sticky mass of a deep brown colour was obtained. Subsequently it 
was found preferable to discontinue the evaporation before complete 
dryness, for by this means the production of this dark-coloured 
product, the result of a decomposition, was partially avoided. To the 
liquid, a large quantity of common salt was now added, causing 
the precipitation of a sticky, brown product, which was removed by 
filtration through calico, and the resulting nearly colourless filtrate 
extracted with much ethylic acetate, and the extract evaporated. As 
the solution became concentrated, crystals separated out, a semi- 
solid, pasty mass being obtained on cooling ; this was thrown upon 
calico, squeezed to remove an adhering sticky substance, and finally 
strongly pressed. To purify this product, it was again dissolved in 
ethylic acetate, the solution evaporated to crystallisation, the residue 
mixed with some quantity of acetic acid, and filtered by means of the 
pump. By washing with small quantities of acetic acid, followed by 
chloroform, a colourless mass was obtained, which, if necessary, 
could be further purified in a similar manner. 

0*1209 dried at 160° gave 0*2769 CO* and 0*0463 H 2 0. 0 = G2*46 ; 
H = 4*25. 

0*1170 dried at 160° gave 0*2688 CO* and 0*0459 H a O. 0 = 62*65 ; 
H = 4*35. 

Ci b H 16 0 7 requires 0 = 62*79 ; H = 4*65 per cent. 

CisHuOg „ 0 = 62*50 j H — 4*16 „ 

It formed a colourless mass of minute prisms, which when heated 
commence to darken at 200°, and decompose rapidly at about 250°. 
Though it does not separate from its solutions in alcohol or acetic 
acid on cooling, it does not appear to be readily soluble in these 
liquids, prolonged boiling being frequently necessary to effect this 
object. From dilute acetic acid or water itself, however, it is 
deposited, after standing several days, in prisms closely resembling 

VOL. LX. VII. 3 B 
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cane sugar in appearance. It does not dye with mordants. Sulphuric 
acid dissolves it, forming a beautiful, crimson solution, and with 
nitric acid a red-brown liquid is produced, which, on standing, 
gradually becomes of a scarlet tint. Ferric chloride colours its 
aqueous solution violet. With lead acetate, it yields no precipitate, 
but with basic lead acetate, a colourless, insoluble compound is 
formed. Most characteristic is its reaction with dilute alkalis, for if 
but a trace be warmed with these liquids, a beautiful, deep indigo- 
blue solution rapidly forms, which, on longer digestion, passes into 
green, and finally brown-yellow. This, by neutralisation with acid, 
yielded no precipitate, and when extracted with ether and evapo- 
rated, a sticky, brown residue was obtained, from which at present 
we have been unable to isolate any crystalline product. On account 
of its above-described property, and as it stands to jack-wood in the 
place of the maclurin of old fustic, we propose for the name of this 
substance cyanomaclurin. 

When an aqueous solution is boiled with dilute mineral acids, 
various snbstances appear to be formed, varying in property 
according to the length of the digestion, and resembling closely in 
appearance the so-called anhydrides of catechin (Etti, Annalen, 1877, 
186, 332). The first product of this reaction separates out, on 
cooling, as a reddish-brown precipitate, sparingly soluble in water, 
and readily in dilute alkali, but as the digestion proceeds this is by 
degrees rendered more insoluble, there being finally obtained a red- 
brown powder insoluble in alkalis and solvents. As is well known, 
this reaction is characteristic of numerous tannin substances, and 
though cyanomaclurin is not a tannin matter, in that it does not 
coagnlate albumin solution, it is evidently allied to catechin, maclurin, 
and other substances of this tannin class. 

It has been shown that various so-called “ tannic acids,” among 
others China- and ehinovatannic acids (Rembold, Annalen, 1867, 143, 
270), and filix-tannic acid (Malin, ibid., 276), when digested with 
acid, are decomposed into an insoluble red substance and a sugar*, 
being thus probably glucosides. Experiment showed that by this 
reaction no sugar was obtained from cyanomaclurin, and that the 
amount of final red product produced was equal to 85 — 90 per cent, 
of the weight of the original substance. 

The alteration in colour of the freshly cut wood from a yellow to a 
mahogany tint on long keeping, and the sticky, red-brown substances 
obtained during the preparation of cyanomaclurin (p. 939), are 
evidently the result of the production of one or other of its above- 
described decomposition products. 

Examination by ZeiseTs method showed that it contained no 
methoxy groups. 
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Action of Fused Potash . — In studying this decomposition, the sub- 
stance was heated with 10 parts of potassium hydroxide and a little 
water, at 150 — 180°, for about three quarters of an hour- The dark 
coloured solution at first formed rapidly became brown, gas being 
evolved, and the opexation was discontinued when this had consider- 
ably moderated. The melt was dissolved in water, the solution 
acidified, extracted with ether, the extract evaporated, and the brown, 
sticky residue allowed to stand for some hours over sulphuric acid. 
Crystals were gradually deposited, and these were drained upon a 
porous tile, and purified by two or three crystallisations from water. 
The product consisted of nearly colourless needles melting at 
208 — 209°, an aqueous solution of which, when treated with ferric 
chloride, gave a blue- violet coloration. Sufficient of this substance 
could not be obtained for analysis, but its reactions agree closely 
with those given for cresorcincarboxylic acid (methyldihydroxy- 
benzoic acid) [CO OH : OH : OH : CH3 = 1 : 2 :4 : 5], with which it 
is probably identical. The yield is exceedingly small, but we hope 
by working with large quantities of cyanomaclurin to analyse the 
substance and confirm its identity. 

In order to determine if this was the sole product of the reaction, 
a second experiment was made as follows. The residue from the 
ethereal extract of the melt was dissolved in water, and a sample 
treated with lead acetate solution ; by this means only a minute 
amount of a dirty-coloured precipitate was obtained, too small to 
repay investigation. 

To tbe main ^portion of the solution, barium carbonate was added 
to neutralise tbe acid previously shown to be present, the whole 
extracted with ether, and the extract evaporated. As the brown 
residue obtained showed uo signs of crystallisation, it was digested 
for some hours with boiling toluene, and the solution treated with 
animal charcoal. Colourless, prismatic needles separated out on 
cooling, which were collected and reerystallised from toluene. This 
product melted at 103 — 104°, gave with lead acetate no precipitate, 
and with ferric chloride solution a faintly green coloration. Un- 
fortunately the yield obtained was too small to allow of the certain 
identification of this substance, but in its properties it most nearly 
approaches those assigned to cresorcin (methyldihydroxybenzene $ 
CH^OH’OH = 1:2:4). For its investigation, considerable quan- 
tities of cyanomacluriu will be required, and as soon as ibis can be 
obtained, work in this direction will be continued. 

Action of JFazobenzene . — From the results of the study of the reac- 
tion of diazobenzene with maclorin (C. S. Bedford and A. GK Perkin, 
this vol., p. 933), it seemed probable that the former might also 
combine with cyanomaclurin, and experiment soon proved this to be 
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the case. An aqueous solution of cyanomaclurin, to which some 
potassium acetate had been added, was treated with a solution of 
about 2 mols. of diazobenzene sulphate, and the bright scarlet precipi- 
tate thus formed collected, washed with water, and dried. For 
purification, it was crystallised from alcohol, a hot solution of which 
deposits it somewhat slowly in spongy masses of needles. 

0-1050 dried at 160° gave 0*2507 C0 2 and 0*0422 H a O. 0 = 65*11 ; 
H = 4*46. 

0*1199 dried at 160 c gave 0*2863 CO, and 0*0486 H s O. C = 65*12 ; 
H = 4*50. 

0*1272 dried at 160° gave 12 c.c. of nitrogen at 20°, and 762 mm. 

N = 10*92. 

015^006(0^3^)2 requires C = 65*32 ; H = 4*03; NT = 11*29 per cent. 
C iS K li 0 1 (C 6 BL^ 2 )2 „ 0 = 65*21 ; H = 4*34; N = 10*14 „ 

It was evidently a compound of 2 mols. of diazobenzene with cyano- 
maclurin. It forms a scarlet, glistening mass, somewhat sparingly 
soluble in alcohol, bnt very considerably more solnble in the usual 
solvents than the corresponding maclurin derivative. Dilute alkalis 
dissolve it with au orange-red colour, and these solutions, when 
treated with zinc dust, are reduced with the production of pale 
yellow liquids. It dyes unmordanted wool and silk, in a slightly 
acid hath, orange-yellow shades, very similar to those obtained with 
the maclurin compound, hut, as was to be expected, it does not com- 
bine with mordants. 

The analysis of cyanomaclurin agrees well, as shown above, with 
either of the two formulae CisH^Og and C 18 H 16 0 7 , whereas that of its 
diazobenzene componnd, judging by the percentage of nitrogen, 
agrees somewhat more closely with the former, which is probably the 
correct one. Both are interesting as they tend to show a connection 
with either morin, CiJB^oO?, or catechin, CigH^Os, and with both 
these substances it has points in common. 

Attempts to prepare acetyl and other derivatives have yielded at 
present unsatisfactory results, and this is no doubt due to its insta- 
bility in the presence of most reagents. It is our intention to con- 
tinue the study of this most interesting substance, but this work will 
of necessity be slow, for its isolation from the dyewood in any quan- 
tity will entail considerable time and labour. 

As morin has been previously only known to exist in old fustic, 
and as this dye-stuff contains also a second colouring matter, 
maclurin, it was necessary to determine whether the latter also 
existed in jack wood. Various tests, however, showed no indication 
of the presence of this substance; but in order to he quite certain, it 
seemed best to prove this indirectly by examining old fustic accord- 
ing to the methods employed with jack- wood. 
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A boiling aqueous extract of old fastic was therefore treated with 
lead acetate, the precipitate collected, and the filtrate, after removal 
of lead in the usual manner, evaporated to a small bulk. The dark- 
coloured liquid thus obtained was treated with excess of salt, filtered, 
the filtrate extracted with ethylie acetate, and the extract evaporated. 
The resulting sticky product showed no signs of crystallisation, and 
it was therefore dissolved in dilute acetic acid and allowed to stand 
some hours. A light yellow precipitate gradually separated, which 
was collected and purified by crystallisation in a similar manner, and 
this was found from its dyeing and other properties to be identical with 
maclurin. With lead acetate solution, it yielded a precipitate, but 
was not entirely thrown down in this way, and its isolation from old 
fustic in the above manner is due to the fact that its lead compound 
at first formed, is partially decomposed by the acetic acid which is 
simultaneously liberated from the lead acetate. On the other hand, 
morin is entirely precipitated by this reagent. 

Jack-wood thus treated as here shown yields no substance having 
the properties of maclurin, and its non-existence in this dye-stnff is 
thus conclusively proved. Morin is consequently the sole colouring 
matter of jack-wood, and the cyanomaclurin which it contains occu- 
pies the place of the maclurin in old fustic. 

As the dilute acetic acid filtrate from the precipitated maclurin 
(see above) appeared to contain a second substance, it was evapo- 
rated to dryness, a dark-coloured sticky residue being thus obtained. 
When boiled with dilute alkalis, an aqueous solution of this product 
darkened somewhat in colour, but did not yield the characteristic 
blue tint formed when cyanomaclurin is thus treated. In a similar 
manner to the latter, however, it was decomposed by boiling dilute 
acids with formation of a red-brown precipitate, and evidently con- 
sisted of a substance not hitherto known to exist in old fustic. It 
gives no precipitate with lead acetate solution, and is therefore dis- 
tinct from the tannic acid which, according to Lowe (Fresenius Zeit - 
schrift fur Amlytische Ohemie , 14, 127), is present in this dye-stuff in 
conjunction with morin and maclurin. This substance will be sub- 
mitted to examination. 


Dyeing Properties . 

As was to be expected from the results of its chemical examination, 
jack-wood dyes shades very similar to those of old fustic, that is, 
olive-yellow with chromium, dull yellow with aluminium, and a 
brighter yellow with tin mordant. The resnlts obtained, however, 
are somewhat disappointing when it is considered that its sole 
colouring matter is morin, for this by itself dyes fine bright shades, 
whereas those yielded by the wood arc duller in comparison. This 
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must be accounted for as due to the brown decomposition products of 
cyanomaclurin which are probably formed to a slight extent during* 
the dyeing operation, and also exist in the free state in the dye-stuff 
itself. 

Experiments showed that the sample of jack-wood here examined 
contained only about one-third of the colouring matter of old fustic. 
It is, however, probable that this represents a poor quality, for that 
brought originally from Ceylon by Mr. J. Ingleby was found equal to- 
old fustic in dyeing power. 

Clothworkers 9 Research Laboratory, 

Dyeing Department, 

Yorkshire College . 


XCVI . — Optically Active Meihoxy- and Propoxy-suc- 

ciaic Adds. 

By Thomas Piedis, F.R.S., and Herbert William Bolam, B.Sc. 

Ii has been shown in previous communications to this Journal 
(Trans., 1893, 63, 217 — 229) that the alkyloxysuccinic acids pro- 
duced by the addition of the elements of alcohols to fumaric and 
maleic acids are capable of being resolved into optically active com- 
ponents, the resolution of methoxysuccinic acid having been effected 
by the fractional crystallisation of the cinchonine salt, and that of 
ethoxysuccinic acid by the action of PencUUum glaucum . As the 
alkyloxysuccinic acids are of considerable interest from their bearing 
on quantitative problems relating to optical activity, the present 
research was undertaken with the object of finding a more advan- 
tageous method of resolving methoxysuccinic acid; also of pre- 
paring and resolving into its active components the corresponding 
propoxy compound. The active methoxysuccinic acid obtained in 
the course of the investigation was employed for determining the 
specific rotation of the compound in more concentrated aqueous solu- 
tions than were formerly used, and in organic solvents. We succeeded 
also in procuring a sufficient quantity of the active propoxysuccinic 
acid to compare the activity of the acid itself and of some of its salts 
with that of the corresponding methoxy and ethoxy compounds. 

Resolution of Methoxysuccinic add . 

The acid used in our experiments was prepared from methylic 
fumarate* by methods already described (he. cit .). The method of 
resolution by means of the cinchonine salt as previously carried out. 
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Had yielded active acids more or less contaminated with inactive 
racemoid acid, from which the former Had to be afterwards freed ; 
before attempting other methods of resolution, the same process was 
repeated, in order to see whether a more careful recrystallisation of 
the cinchonine salt would give a more active product, and possibly 
increase the yield of active material. 

Two hundred and ninety-two grams of cinchonine were dissolved 
in 300 c.c. of a slightly warmed aqueous solution containing 146 
grams of the acid. In the course of 24 hours, the solution deposited 
a hard cake of crystalline needles, from which, after four recrystal- 
lisations from water, 110 grams of the dry cinchonine salt of the 
dextrogyrate acid were obtained, that is to say, about half the 
calculated quantity supposing the separation to have been complete. 
The salt was decomposed with barium hydroxide, and the barium salt 
converted into acid as previously described. On evaporating the 
solution of the barium salt, it formed a gelatinous mass, without 
depositing any of the less soluble inactive salt, as was the case in 
former experiments. The active acid was converted into acid potas- 
sium salt, which was crystallised fractionally. Four successive frac- 
tions gave in aqueous solution the specific rotations -f 22*47°, 23*09°, 
23*16°, and 23*23° (c = 8, l = 2, t = 15—18°), and the first of 
these on being recrystallised gave -f 23*18° numbers almost identical 
with the specific rotation of the salt prepared in the previous research, 
which was +23*26° for similar concentration. It appears, therefore, 
that the hydrogen potassium salt formerly obtained was practically 
pure, the racemoid compound which was present in considerable 
quantity in the crude product from the cinchonine sale having been 
removed subsequently by the fractional crystallisation of the barium 
salt and of the acid potassium salt itself. That the cinchonine salt 
of the dextrogyrate acid from the first crystallisation is mixed with 
a considerable quantity of the salt of the oppositely active acid is 
proved by our observations on the mother liquors resulting from 
its recrystallisation; the first of these gave in fact an acid potas- 
sium salt of the Isevogyrate acid, successive fractions of which 
showed the specific rotations —21*92° and —22*13°, and even the 
third mother liquor gave a considerable quantity of inactive barium 
salt. 

The main portion of the lsevogyrate acid was contained in the 
unciystallisable mother liquor from which the cinchonine salt had 
been deposited, bnt mixed, as in former experiments, with much of 
the oppositely active component. The syrup referred to was treated 
in the same way as the crystallised cinchonine salt ; the barium salt 
solution deposited much of the racemoid salt, which was filtered off. 
The successive fractions of hydrogen potassium salt finally obtained 



946 PUKDIE AND BOLAM: OPTICALLY ACTIVE 

gave the specific rotations —22*39°, —22*96°, and —23*18° under 
the conditions mentioned above. The active acids resulting from 
the acid potassium salts were dried in a vacuum, and gave the fol- 
lowing results on analysis. I. d- acid. C, 40*37 per cent. ; H, 5*48 
per cent. II. Z-acid, 0, 40*52 per cent. ; H, 5*41 per cent. Calcu- 
lated : C, 40*54 per cent. ; H, 5*41 per cent. Observations on the 
activity of these acids are given later, 

Resolution by Strychnine . 

As the purification of the cinchonine salt by recrystallisation had 
not increased the yield of the active acids, resolution by means of 
the strychnine salt was resorted to. Fifteen c.c. of an aqueous solu- 
tion containing 1*64 grams inactive methoxysuccinic acid dissolved 
when slightly warmed 6*68 grams of the alkaloid, the calculated 
weight for the normal salt being 7*4 grams. The solution deposited 
crystals of two kinds, hard transparent plates and opaque silky 
needles. It was found that by crystallising from a more dilute solution 
and adding successively nuclei of the two kinds of crystals, the solu- 
tion could be made to deposit the plates first, and then the needles. 
2*6 grams of the plates gave after removal of the strychnine with 
ammonia 10 c.c. of a solution which showed a rotation of —56' 
in a 200 mm. tube. It appeared, therefore, that from a neutral solu- 
tion, the normal salt of the Isevo-acid was first deposited. The 
normal salts showed, however, a great tendency to crystallise simul- 
taneonsly even when crystallisation was induced by a nucleus of one 
of them, and their separation was difficult. 

With the view of deciding on the best method of effecting the 
resolution, the normal and acid strychnine salts of both active acids 
were prepared, the acids already obtained by the cinchonine method 
being used for the purpose. The following observations were made. 
Normal dextro-salt — long thin needles; crystallises readily. Acid 
dextro-salt — bundles of opaque radiating needles, much more soluble 
tbau any of the other salts. Normal lavo-salt — glassy square plates, 
more insoluble than either of the preceding. Add Icevo-salt — plates 
like the normal lsevo-salt, but apparently more soluble. It seemed, 
therefore, best to remove the lsevogyrate acid first as acid salt, and 
then the dextrogyrate acid as normal salt. 

Twenty-three grams of strychnine were accordingly dissolved in 
an aqueous solution containing 10*4 grams of inactive methoxy- 
succinic acid, the quantities nsed being in molecular proportions. 
The solution, having been sown with acid laevo-salt, deposited a crop 
of plates, weighing 8 grams, in the course of 24 hours, and the 
mother liquor deposited, on evaporating, a further crop of the same 
salt, weighing 5*5 grams. The 13*5 grams gave on recrystallisa- 
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tion 10*8 grams of tlie dry salt, which was dissolved in water and 
decomposed by adding ammonia. The strychnine, which was sepa- 
rated by filtration and dried, weighed 6*77 grams, the calculated 
quantity for the acid salt being 7*48 grams. The ammoniacal solu- 
tion having been evaporated to a small bulk, a little more strychnine 
separated, which was filtered off; the filtrate, being made up to 
50 c.c., gave the rotation —1*74° in a 200 mm. tube. The mother 
liquor, from which the acid laevo-salt had been removed, was neutral- 
ised by warming slightly with excess of strychnine; the filtered 
liquid, having been sown with a nucleus of dextro-normal salt, 
gave a crop of long, thin needles, which, after being recrystallised 
twice from water and dried, weighed 15*2 grams. The ammoniacal 
solution, obtained as before from this salt, gave the rotation 4-59' in 
a 200 mm. tube. 

The acid, having been evidently resolved into its optically active 
components by the process described, the experiment was carried 
out on a larger scale, 73 grams of acid being used and 167 grams of 
strychnine. The acid laevo-salt obtained was recrystallised twice 
from water, and then weighed in the dry state 73 grams. It gave on 
decomposition with ammonia 47 grams of strychnine, the calculated 
quantity for the acid salt being 50*6 grams. The calcium salt was 
obtained from the solution of the ammonium salt by treatment with 
calcium hydroxide, removal of the excess of the latter by means of 
carbonic anhydride, and evaporation of the filtered liquid. To 
insure the removal of traces of strychnine, the dry calcium salt 
was digested repeated ly with alcohol, and, to separate the active salt 
from any of the less soluble racemoid form with which it might he 
contaminated, it was finally kept in agitation with a quantity of cold 
water insufficient for complete solution. The acid was obtained by 
adding the calculated quantity of sulphuric acid to the solution of 
the calcium salt, and by extracting the residue left on evaporating the 
filtered liquid with alcoholic ether. The acid obtained weighed 15 
grams ; being slightly coloured, it was converted into the acid potas- 
sium salt, from which the colouring matter was removed by digestion 
with alcohol. An estimation of potassium in the salt dried at 100° 
gave 21*14 per cent., the calculated percentage being 21*01. The salt 
being recrystallised from water, two successive crops of crystals 
showed the same specific rotation, namely, —23*12° (c = 8, t = 15°), 
that of the purest salt obtained by the cinchonine method being 
—23*18° under similar conditions. 

The normal strychnine salt of the dextrogyrate acid obtained by 
neutralising with strychnine the mother liquor, from which the 
acid salt of the lsevogyrate acid had been separated, weighed 
125 grams after being recrystallised twice from water, and gave 
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100 grams of dry strychnine when decomposed with ammonia, the 
calculated weight of strychnine for the normal salt being 102 3 
grains. The dextro-acid, weighing 10 grams, was obtained by the 
same process as the laevo-acid, and was similarly converted into the 
acid potassium salt ; an estimation of potassium in the latter gave 
20*94 per cent., the calculated percentage being 21*01, and the 
specific rotation of the salt was +23 05° under the conditions men- 
tioned above; a second fraction gave the number +22*75° ; but as it 
was obtained by evaporating the solution to a very small bulk, the 
lower activity may be accounted for by the presence of active normal 
salt. The experiments which have been described show that meth- 
oxysuccinic acid can be resolved into its active components with the 
aid of strychnine in two ways, namely, as normal salt, in which case 
the salt of the laevo-acid separates first from the solution, or as acid 
salt when the salt of the laevo-acid crystallises first, the dextro-acid 
being afterwards obtained as normal salt. 

Pure optically active products can be got by both the cinchonine 
and strychnine methods. The latter process is however to be pre- 
ferred, as the strychnine salts of both active acids being readily 
ciystallisable, they can be more easily isolated in the pure state than 
the cinchonine salts. With the experience already obtained, the 
yield of active acid obtainable by the strychnine method might, we 
believe, be much increased. In the experiment described above, of 
the 73 grams of inactive acid only about 22 grams each of the dextro- 
and lsevogyrate components were removed as strychnine salt, the 
rest being left in the mother liquor, mostly in the form of normal 
salt. An attempt was made to resolve the acid in the collected 
mother liquors, after neutralising them completely with strychnine, 
by fractional crystallisation of the normal salts, but the separation of 
the two forms was incomplete, and the yield of active acid small. 
The acid might, however, be recovered from the solutions, and the 
process of resolution then carried out as described* 

In the table below we give tbe results of our observations on the 
optical activity of solutions of the methoxysuccinic acids in water, 
acetone, and ethylic acetate, the material used being that obtained by 
the cinchonine method. The most concentrated solutions were made 
by dissolving weighed quantities of the acid, dried in a vacunm till 
constant, and making np to a known volume, and the other solutions 
were prepared by diluting aliquot parts of these solutions to known 
volumes. The observations were taken in a 200-mm* tube at the 
temperatures mentioned. 
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Dextro-acid. 

! Iisevo-acid. 

Solvent. 
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CL 

| Md. 

t ® 

c . 1 

a. 

Md- 

Water 

15 


\ 16*07° 

+ 82-59° 

15 

22*0353 

14*41 

i -32*70 


14 

16 *6805 

10*94 

+ 82-79 

— 

— 

— 

— 


15 

EH 

5-73 

+ 32-70 

15 

7 *9266 

5*14 

-32*42 

Acetone 

11 

24*9640 

28 *51 

+ 57*10 

11 

25*5833 

28*78 

-56*25 


11 

18 *7693 

21 *88 

+ 58*29 

13 

15 *6140 

18*17 

-58-18 


14 
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11 *95 

. *r 58 *03 

— 

— 

— 

— 


14 

4*1184 

4*90 

+ 59*49 

— 

— 

— ! 

— 

E thy lie acetate. 

14 

1*6474 

1*98 

+ 60*09 

— 

— 

— 

— 

11 

20 *5424 

26*08 

+ 63*48 

11 

25*5510 

31*63 

-61*90 

99 • 

12 

15 *8720 

20*46 

+ 64*45 

13 

19 *0770 

24*01 

-62*93 

it 

12 

8*9193 

11*53 

+ 64*64 


— 




Preparation of Inactive Propoxysuccinic acid . 

This acid was prepared in two ways, namely, from maleic anhy- 
dride and from propylic fnmarate. A solution of 53 grams of maleic 
anhydride in an equal weight of propylic alcohol was heated on a 
water bath so as to convert the anhydride into acid ethereal salt, and 
the mixturo was added to 300 grams of the same alcohol in which 
25 grams of sodium had been previously dissolved, the proportions 
being 1 mol. of the anhydride to two atoms of sodium. The result- 
ing solution, after being heated for some time on the water bath, was 
mixed with water and again heated until the ethereal salt which had 
been formed was hydrolysed, and the solution was then strongly 
acidified with hydrochloric acid, which precipitated some fumarie 
acid. On adding calcium chloride to the filtered and neutralised 
solution, and boiling, a very slightly soluble calcium salt was pre- 
cipitated which, after being washed and dried at 100°, gave the 
following results on analysis : — 

I. 0*5765 gave 0-2645 CaC0 3 . Ca = 18*35. 

IL 0-6201 „ 0-1605 CaO. Ca = 18*49. 

Calculated for C 7 Hi 0 O 6 Ca, 18*69 per cent. 

Calcium propoxysuccinate precipitated as described is anhydrous. 

The salt was converted into acid by treating it with the calculated 
quantity of sulphuric acid and extracting the residue left, after 
evaporation of the filtered liquid, with alcohol. The acid, which 
remained as a coloured syrup after evaporating the alcohol, was dis- 
solved in ether, which left the colouring matter undissolved. The 
acid from the ethereal solution gradually solidified on standing over 
sulphuric acid; but, as it was still contaminated with some viscous 
matter, it was converted into lead salt by neutralization with 
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ammonia, and precipitation with lead nitrate, and from the lead salt 
the acid was recovered in the usual manner by the action of sul- 
phuretted hydrogen. The acid now crystallised in wartlike groups, 
an d had the melting point 73—7 5°. The substance was still, how- 
ever, not quite pure, analysis giving the percentages 6*86 and 46*69 
for hydrogen and carbon respectively, instead of 6*82 and 47*73. To 
assure ourselves that the acid had not suffered decomposition, part of 
it was converted into calcium salt by neutralization with calcium 
carbonate in very dilute solution. An estimation of calcium as sul- 
phate in this salt gave 18*66 per cent., and a combustion gave the 
following results : — Pound, 0 = 39*12, H = 4*59, Oa = 18*82 ; cal- 
culated, C sb 39*25, H = 4*67, Ca = 18*69 per cent. 

The following observations were made on other salts of the acid : — 
The acid potassium salt formed a thick syrup which crystallised very 
imperfectly ; the acid ammonium salt crystallised from a syrup in 
needles; the zinc salt crystallised from a concentrated solution in 
very deliquescent needles. The barium salt crystallised in the form 
of hydrated, glistening scales, more soluble in cold than in hot water. 
This salt does not become anhydrous till heated to 130 — 150°, and it 
begins to decompose at 180° ; the estimation of water of crystallisa- 
tion on the air-dried salt, as in the case of the corresponding ethoxy- 
succinate, did not yield satisfactory results 0*7467 gram of the salt 
dried at 155° gave 0*5547 gram BaS0 4 , Ba = 43*68 per cent. ; theory 
for the anhydrous salt requires 44*05 per cent. 

The experiments described show that by the action of sodium pro- 
poxide on a mixture of hydrogen propylic maleate and propylic 
alcohol, maleic acid combines with the elements of the alcohol and 
forms propoxysuccinic acid. 

Experiments were next made on the preparation of the same acid 
from fumaric acid. Propylic fumarate, which does not seem to have 
been prepared before, is readily obtained by heating the acid with 
propylic alcohol and sulphuric acid on the water bath ; the solution 
is poured into water, and the oil which separates having been washed 
with solution of sodium carbonate and with water, and dried with 
calcium chloride, is distilled. A mixture containing 124 grams of 
fumaric add, 186 grams of propylic alcohol, and 13 grams of con- 
centrated sulphuric acid gave 120 grams of the ethereal salt having 
the boiling point 243 — 245°. In preliminary experiments in which 
propylic fnmarate was added to an equal weight of propylic alcohol 
in which sodium had been previously dissolved in the proportion of 
one-fifth atom of sodium to 1 mol. of the ethereal salt, it was found 
that the alkalinity of the solution quickly disappeared, and that only 
a very small quantity of the propoxysuccinic acid was formed; 
but when propylic alcohol was used which bad been previously 
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thoroughly dehydrated by distillation first Erom barium oxide, and 
then from sodium, the reaction proceeded satisfactorily. A very 
small amount of sodium, about one-tenth of an atomic proportion* 
sufficed in these circumstances to bring about the addition of the 
alcohol to the fumarate, and the calcium propoxysnccinate obtained 
from the product of the reaction amounted to about 75 per cent, of 
the theoretical yield. Fifty grams of propylic alcohol, in which 1*23* 
grams of sodium had been dissolved, were added slowly to 107 grams 
of propylic fumarate diluted with 57 grams of the alcohol. The 
mixture became nearly solid from the precipitation of a white 
amorphous substance which in the course of a few hours dissolved* 
leaving a clear red alkaline liquid, which was heated for a short 
time on a water bath, and then poured into water. An oil separated* 
a small portion of which was dried with calcium chloride and dis- 
tilled in a vacuum. It boiled at 235 — 238° at a pressure of about 
60 mm., but as analysis showed that the substance was not pure 
propylpropoxysuccinate, the main portion of the oil was returned to 
the aqueous solution from which it was obtained, and hydrolysed by 
beating with an excess of sodium hydroxide. The solution was made 
strongly acid with hydrochloric acid, which precipitated 13 grams of 
unaltered fumaric acid ; on boiling the filtered liquid, after it had 
been neutralised and some calcium chloride added to it, calcium pro- 
poxysnccinate was precipitated. An estimation of calcium in the 
salt, dried at 100°, gave 18*49 por cent., the calculated percentage 
being 18*69. This salt, like the corresponding methoxy- and ethoxy- 
succinate, is very insoluble in water, when once it has been pre- 
cipitated in the anhydrous state as described. A determination of 
its solubility in water at 17° showed that 100 parts of water dissolved 
only 0*29 gram of the salt. The acid was obtained from the calcium 
salt by treating it with the calculated quantity of sulphuric acid ; to 
purify it, it was converted into lead salt, and recovered from this by 
the action of snlphnretted hydrogen. It crystallised similarly to the 
acid obtained from maleic anhydride, but like the latter it was not 
obtained in the pure state, the carbon being found by analysis about 
1 per cent, too low. An estimation of lead, however, in the lead salt 
gave correct results : — I. 0*6401 gave 0*3763 PbO ; II. 0*7980 gave 
0*4690 PbO. Found, I. 54*56 per cent. II. 54*55 per cent. Calcu- 
lated for C^HyjOsPb, 54*33 per cent. The air-dried salt is anhydrous ; 
the quantities nsed for analysis lost only a few milligrams in weight 
when heated to 150°. The barium salt resembled that obtained from 
the acid from maleic anhydride, both in general appearance and as 
regards the temperature at which it lost its water of crystallisation. 
0*5300 of the salt, dried at 150°, gave 0*3950 BaSO* ; Ba = 43*82 
per cent. ; calculated for 0 7 HioOsBa, 44*05 per cent. 
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The propoxy succinic acid was used without further purification for 
experiments on the resolution of the compound into its active com- 
ponents "by fractional crystallisation of the strychnine salt. 

’Resolution of Propoxy & nccinic Acid . 

Experiment I . — An attempt was first made to apply the method 
which had proved successful in the case of the methoxysuccinic acidj 
that is to say, to separate first the lsevogyrate component as acid 
salt, and then the dextrogyrate component as normal salt. An 
aqueous solution, containing 4 36 grams of the acid, obtained from 
maleic anhydride, was saturated with strychnine; the solution 
deposited normal salt in the form of radiating needles. These were 
re-dissolved by heating and another portion of 4*36 grams of the acid 
was added, but the solution could not be made to crystallise. A similar 
•experiment made in alcoholic solution was not more promising. As 
it was apparently necessary to resort to the normal salts, strychnine 
was added to the above-mentioned aqueous solution until no more of 
the alkaloid dissolved ; the solution on standing gave 22 grams of a 
crystalline deposit, not of radiating needles, as was expected, but of 
large, transparent, flat plates. After being recrystallized twice, the 
crop, which now weighed 10 grains, was dissolved in water and 
decomposed with ammonia. The ammoniacal filtrate having been 
evaporated to a small bulk to remove strychnine as far as possible, 
was made up to 20 c.c., and then gave a rotation of —43' in a 
200 mm. tube. As the rotation of the other alkyloxysuccinic acids 
already investigated is in the same sense as that of their salts, it 
appeared that of the two normal strychnine salts of propoxysuccinie 
acid, that of the laevo-acid is least soluble. The separation, however, 
judging from the small rotation observed, had been very imperfect, 
and this was confirmed by our examination of the mother liquors, 
from which we did not succeed in isolating any active acid. 

Experiment IL — We have stated under Experiment I that a neutral 
solution of strychnine propoxysuccinate gave a crop of radiating 
needles, hut the solution having been warmed until the crystals were 
dissolved, it deposited, on cooling, a crop of plates. On repeating 
the experiment on the normal salt of the acid obtained from maleic 
anhydride, the strychnine salt which separated first from the solu- 
tion, consisted iu some cases of bundles of radiating needles, in other 
cases of the plates referred to, and sometimes of a mixture of the 
two, which we could not separate by fractional crystallisation. We 
afterwards found that the needles and plates were really different 
crystalline forms of the same substance, namely the normal salt of 
the IsBvo-acid. The salt, after recrystallisation, was converted into 
calcium salt by methods already described. This salt was freed 
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from colouring matter, traces of strychnine, and from inactive 
racemoid salt, by methods already mentioned under the resolution of 
methoxy succinic acid ; when dried at 100°, it contained 18*71 per 
cent, of calcium, the calculated percentage being 18*69, and a deter- 
mination of its solubility in water at about 17° gave the result 
8*44 : 100, so that it is nearly twelve times more soluble than the 
corresponding inactive salt. A determination of specific rotation 
gave the following result : c = 8*3095, l = 2, a = —0*89°, hence 
[a] D = — 13*55°. Prom the remaining calcium salt, a small quantity 
of acid was prepared, which solidified on standing and in an aqueous 
solution measuring 10 c.c. showed a rotation of — 2*15° in a 200 mm. 
tube. 

The mother liquor from which the normal strychnine salt of the 
leevo-acid had been deposited was decomposed with ammonia solu- 
tion, and by the methods already described a small quantity of a 
dextrogyrate calcium salt was obtained which showed the following 
specific rotation : o = 2*039 ; 1 = 2 ; a = 0*56°, hence [a] D = 

+ 13*7°. 

Experiment IIL — It has been mentioned above that we did not 
succeed in getting the acid strychnine propoxysuccinate to crystallise 
in the case of the acid from maleic anhydride. On repeating the 
experiment with the acid from propylic fumarate, the acid salt of 
the laevogyrate component was deposited from aqueous solution in 
the form of groups of radiating needles. Its composition was de- 
termined by precipitating 13*2 grams of the salt with ammonia 
solution, 8*1 grams of the dry strychnine being obtained instead of 
the calculated quantity, 8*6 grams. We have no reason, however, to 
conclude that the propoxysuccinic acids from maleic and fumario 
acids are not identical. The difference of behaviour just mentioned 
was probably due to some difference in the conditions of crystal- 
lisation. The mother liquor, which contained the acid salt of the 
dextrorotatory component, when evaporated to a small volume left a 
syrup which did not crystallise on standing, but on neutralizing with 
strychnine, the corresponding normal salt was deposited in the form 
of long, interlocking needles. Solutions of the ammonium salt 
obtained from the two strychnine salts gave the polarimetrie 
readings —4*25° and + 1*58° respectively. As the method indicated 
gave both active acids in the form of crystallisable salts, one of 
which at all events could be easily obtained in the pure state, it was 
adopted for an experiment on a larger scale. 

Sixty grams of strychnine were dissolved in 150 c.c. of a warm 
aqueous solution containing 33 grams of propoxysuccinic acid from 
propylic fumarate. On cooling, the solution became a nearly solid 
mass of radiating needles. The deposit, after being- recrystallised 



954 


PURDIES AND BOLAM: OPTICALLY ACTIVE 


five times, was decomposed with ammonia, and gave 28 grams of 
strychnine equivalent to about 14 grams of acid or 84 per cent, 
of the maximum possible yield. The main mother liquor was 
mixed with the mother liquors from the three first recrystallisa- 
tions; the solution, when saturated with strychnine, gave a deposit 
of normal dextro-salt, which after two crystallisations weighed 
46 grams somewhat moist. The strychnine salts were converted 
into calcium salts with the precautions to insure purity pre- 
viously mentioned. An estimation of calcium in the Isevo-salt gave 
18*70 instead of the calculated 18 69 per cent. The specific rotations 
of the two salts at 12° were as follows : c = 2*6030, l = 2*2, a = 
—0*83°, hence [a] D = - 14*49°; c = 1*9394, l = 2, a = 0*55°, 
hence [a] D = -f 14*18. The concentration was deduced from the 
specific gravities of the solutions and their percentage composition by 
weight, the latter being found by evaporating known weights of the 
solutions to dryness. The active acids were obtained from their 
respective calcium salts as described in the case of the methoxy- 
snccinic acids. They were left as syrups on the evaporation of their 
aqueous or ethereal solutions, which solidified slowly. The sub- 
stances were very hygroscopic, and did not give sharp melting points. 
The l»vo-acid melted at about 67°, and the dextro-acid at 63 — 66°. 
The melting point of the active acids is apparently lower than that 
of the racemoid form, the melting point of which, in the case of the 
acid from maleic anhydride, was found to be 73—75°. The laevo- 
acid being dried in a vacunm gave the following results on combus- 
tion. 

0-4486 gave 0-7764 CO, and 0-2722 H,0. 0 = 47-73 ; H = 6-82^ 
CyH-uOi requires C =s 47*73; H = 6*82 per cent., numbers identical^ 
with those found. 

Our experiments show that propoxysuccinie acid can be resolved 
into its active components by fractional crystallisation of the strych- 
nine salts in two different ways ; first by means of tbe normal salts 
when the salt of the Imvogyrate acid crystallises first from the solu- 
tion in the form of bundles of radiating needles or rectangular plates ; 
second by means of the acid salts, when the salt of the laevogyrate 
acid crystallises first, the corresponding salt of the dextrogyrate acid 
being either a syrup, or crystallising with difficulty; the dextro- 
gyrate acid is afterwards separated from the solution as the normal 
salt. With respect to the dimorphous normal salt of the laevogyrate 
acid, we found that the air-dried plates melted at 112 — 113°, but 
after being dried at 100° they underwent a change independent of 
loss of water of crystallisation, and then melted at 108 — 109°. The 
needles sintered at 82°, became solid again at a higher temperature. 
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and melted at 104° ; on drying them, however, for some time at 100°, 
they assumed a prismatic form and then melted at the same tempera- 
ture as the dried plates, namely 109°. 

On observing under the microscope the crystallisation of a specimen 
of the salt, which had been prepared from pure lasvogyrate acid, 
we found that it crystallised at first in fine needles and prisms, 
but that by friction the liquid quickly solidified to a mass of rect- 
angular plates. 

Specific rotations of both active acids in aqueous solution, and of the 
lsevo-acid in acetone were determined as given below. The solutions 
were made by dissolving weighed quantities of the acids dried in a 
vacuum and making the liquids up to known volumes. The moie 
dilute aqueous and acetone solutions were obtained by the dilution ot 
aliquot parts of the more concentrated solutions. The temperature 
was 12°. 



c. 

I. 

a. 

Mb. 

Water 

7-7600 

4 

-11-30° 

— 36*40° 

» 

3-104.0 

4 

- 4-50 

-36-24 

)> 

7-5600 

4 

+10 90 

+36*04 

Acetone. . . . 

5-6880 

1 

- 3-60 

-63-29 

„ .... 

2-2752 

1 

- 2-93 

-64-39 


Though the analysis of the inactive acids did not give good results, 
it appears from the analysis of the active acid quoted above, and 
from the fact that the oppositely active acids gave nearly identical 
specific rotations, that the compounds had been purified by the 
frequent crystallisations of the strychnine and other salts, and we 
think, therefore, that although the quantity of material available for 
experiment was small the specific rotatory powers found are nearly, if 
not quite, correct. 

Besides the calcium salts which have been already described, the 
salts of potassium and barium were also examined. 

Potassium Propoxy succinates. 

A solution of the hydrogen potassium salt was prepared by 
neutralising a measured volume of a solution of the dextro-acid, 
and then adding to this an equal quantity of the same acid solution. A 
solution of the normal salt was prepared from that of the acid salt by 
neutralising it completely, and the concentration was found by 
evaporating 20 c c., and converting the residue into sulphate. This 
residue dried at 100° was found to contain 31*05 per cent, of potas- 
sium. Calculated K = 31*01 per cent. The specific rotatory powers 
of the salts were then determined. 

Acid Salt. — t = 18°, l = 4, c = 3*8152°, a = +4*93°, [a] D = +- 
32*30. 

VOL. IXVII. 3 s 
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Normal Salt— I. t = 18°, l = 4, c = 3*665°, a = +2*53°, [a] D = 
+ 17*26°. 

H. t = 18°, Z = 4, o = 1*8325, a = +1-37°, [*] D = +18-69°. 

Barium JPropoxysuccinate. 

It "was prepared by neutralising a solution of the lae vo-acid with 
barium hydroxide; on evaporating the solution, the salt was deposited 
in the form, of crystalline scales, which, after being dried at 150 c , 
were found to contain 43*83 per cent, of barium, the calculated per- 
centage being 44 05. The specific rotatory power of the anhydrous 
salt was determined as follows. 

I. i = 18°, l = 4, c = 3-649°, a = -1-46°, [a]® = -10-00°. 

n. t = 18°, l - 4, c = 14596, a = -0*61°, [a]* = ~10'45° 

The results of our observations on the activity of propoxysuccinic 
acid and its salts were exactly such as might have been anticipated 
from the relation of the acid to methoxy- and ethoxy-succinic acids. 
The specific rotatory power of the acid in aqueous solution, as in the 
'Case of its homolognes, is independent of concentration, as far as 
our observations go, and in acetone it shows a very large increase. 
The propoxysuecinates examined are active in the same sense and to 
a less extent than the acids from which they are derived, the normal 
potassium salt being less active than the corresponding acid salt, and the 
.specific rotatory power of the normal salts increases with dilution. It 
was found in the case of methoxy- and ethoxy-succinic acids that 
increase of the oxyaikyl gronp caused an increase of activity in the free 
acids, and a corresponding change in the activity of the salts at 
similar concentrations. Thus calcium d-methoxysuccinate is Isevo- 
xotatory, but becomes less so in dilute solution; whilst calcinm 
d-ethoxysnccinate is dextro-rotatory, and becomes more so on dilution. 
Barium d-methoxysuccinate is Isevoroiatory, but becomes dextro- 
rotatory in very dilute solution, whilst the corresponding ethoxy- 
succinate shows laevorotation only in very concentrated solutions, 
these relations being explained by the dextrorotatory effect produced 
by increasing the oxyaikyl group, and by dissociation on dilution. It 
was to be expected that propoxysuccinic acid would be more active 
than ethoxysuccinie acid, that the calcium, barium, and potassium 
dexfcropropoxysuccinates would be to a greater extent dextrorotatory 
than the corresponding ethoxysuccinates, and that the uormal potas- 
sium salt being more dissociated than the barium and calcium salts, 
would give a higher rotation. These anticipations are all realised. 

The theoretical bearing of the observations which have been 
described will be discussed in the following paper. 

United College of St Leonard and St Salvator , 

St Andrews. 
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XCVII . — Ethereal Salts of Active Methoxy - and Ethoxy* 
succinic Adds . 

By Thomas Pubdie, F.R.S., and Sidney Williamson, Ph.D. 

The following research, was undertaken as a contribution towards 
the solution of the problems relating to optical activity which have 
been raised by the well-known theory of G-uye, its immediate object 
being the preparation and examination of some of the ethereal salts 
of the active alkyloxysuccinic acids. The ingenious theory referred 
to has already done excellent service as an incentive to the prepara- 
tion and study of a number of series of optically active substances, 
and in the case of some of these series, it has undoubtedly received 
striking support. In various instances, on the other hand, the theory 
in its present form does not accord with the facts which have been 
brought to light, and it is already evident that many more active 
compounds of simply related constitution must be studied before it 
can be decided that any general expression can be found for the 
quantitative relation of optical activity to chemical composition* 

The series of ethereal salts which have been hitherto chiefly 
examined, such as those of the acidyl tartaric and glyceric acids, besides 
the variable alkylcarboxyl groups, possess also a variable acidyl group, 
and quite recently some halogen derivatives have been studied, but 
so far no ethereal salts of etheric acids have been investigated. 
These compounds are of a somewhat simpler constitution than the 
acidyl derivatives referred to, and present the peculiarity of a variable 
etheric alkyl radicle, which we have already shown exerts a remarkable 
influence on activity in the case of the alkyloxysuccinic acids. The 
fact that no active ethereal salts of this description have yet been 
studied is accounted for, no doubt, by the difficulty of obtaining 
them; the difficulties attending their preparation from the naturally 
occurring optically active hydroxy acids have not yet been overcome, 
and their preparation from other sources involves the tedious process 
of the resolution of a racemoid acid into its active components. 

The most obvious method for the preparation of the active ethereal 
alkyloxysuccinates is the replacement of the hydroxylic hydrogen of 
ordinary ethereal malates by alkyl groups, either by the action of 
sodium, and subsequent treatment of the sodium derivative with an 
alkyl iodide, or by conversion into the hctive monohalogen-succinates, 
and subsequent treatment of these with sodium alkyloxide. We have 
not succeeded in preparing the compounds in question by either of 
these processes. Andreoni has described (Ber., 1880, 13, 1394) the 
preparation of a diethylic ethoxysuccinato from ethylic malate by the 

3 s 2 
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fhst of the two methods referred to, but no analysis of the com- 
pound is given, and its optical activity was apparently not tested. 
We found, on repeating his experiments, that the sodium derivative 
of ethylic malate did not react with ethylic iodide at the temperature 
of the water bath ; on heating at 150° in a sealed tube, sodium iodide 
was formed, but we failed to obtain the compound in question from 
the product of the reaction. A similar experiment in which methylic 
iodide was heated with the sodium derivative of methylic malate was 
equally unsuccessful. In trying the second process above referred to, 
we prepared methylic chlorosuccinate from methylic malate by the 
method since described by Walden (Her., 1895, 28, 1290) ; it was 
strongly dextrorotatory. On adding an alcoholic solution of sodium 
methoxide, the reaction proceeded spontaneously with precipitation 
of sodinni chloride, but methylic fumarate which crystallised from 
the filtered solution in large quantity was the chief, if not the only, 
product of the reaction. 

It seemed possible that the acetyl group might be more readily 
replaced by an alkyl radicle than the halogen atom. We accordingly 
prepared methylic acetylmalate by the method of Anschutz (Her., 
1885, 18, 1952). The liquid, when redistilled, boiled mostly at 
152— -153° at 28 mm., and gave the rotation —26 97° at 18° in a 
100 mm. tube. The specimen did not contain very much methylic 
fumarate, as the pure substance described recently by Anschutz (Zeit 
phynkal. Chem . , 1895, 16, 495) gives the rotation —27 398° under 
similar conditions. The acetylmalate (1 mol.) diluted with methylic 
alcohol was treated with alcoholic solution of sodium methoxide 
(1 mol.), the latter being added very slowly to the former, so as 
to prevent rise of temperature. Silky crystals, apparently of sodium 
acetate, were formed at once, and the product smelt of methylic 
acetate. The alcohol was distilled from the liquid after it had stood 
for 12 hours, and the residue, which was semi-solid, was treated with 
a little water. By extraction with ether, and subsequent evaporation 
of the latter, an oil was obtained, from which a small quantity of 
methylic fumarate crystallised. An alcoholic solution of the oil 
was optically inactive. By hydrolysing a part of it with barium 
hydroxide, a soluble barium salt was obtained, which, when dried at 
150°, was found on analysis to contain 47*83 per cent, of barium. 
Another part of the oil was hydrolysed with potassium hydroxide ; 
the solution, after being neutralised, gave, on addition of calcium 
chloride and boiling, an insoluble calcium salt, which was found to 
contain 21*50 per cent, of calcium. As the calculated percentages for 
barium and calcium methoxysuccinates are respectively 48*41 and 
21*51, it was evident that the oil was inactive methylic methoxy- 
sucdnate. On cooling it, and adding to it a crystal of this substance. 
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it solidified to a crystalline mass, the melting point of which was 
fotmd to be identical with that of the ethereal salt mentioned, 
namely, 28°. In another similarly conducted experiment, an alcoholic 
solution of the oil showed a slight rotation of — -15' (Z == 200 mm.), 
but this vi as probably d ue to traces of unaltered acetylmalate. In 
the aqueous solution from which the oil was extracted, no acid, 
except acetic acid, was detected. It appears, therefore, that the 
chief product of the action of alcoholic sodium methoxide on methylic 
acetylmalate is inactive methylic methoxysnccinate ; the first product 
is doubtless methylic fumarate, which is then converted into the 
substance in question by the addition of the elements of alcohol in 
the presence of small quantities of sodium methoxide. 

Having failed to procure the ethereal alkyl oxy succinates from the 
malates, we had to resort to their preparation from the active alkyl- 
oxysuccinic acids obtained by the resolution of the racemoid acids 
which are formed by the addition of the elements of alcohols to 
fumaric acid. Owing to the tedious nature of these processes, and 
the difficulty of obtaining a sufficient supply of material, we have 
been compelled to confine ourselves for the present to methoxy- and 
■ethoxy-succinic acids. In what follows, we desciabe the methods by 
which the active acids were obtained from the racemoid compounds, 
and the preparation of the active methylic, ethylic, propylic, and 
buiylic salts. The specific rotations of these compounds were deter- 
mined. We took the opportunity of making some observations of 
the activity of some of the strychnine salts, and also of that of 
ethoxysuccinic acid in organic solvents, for the purpose of comparison 
with similar observations made on methoxy- and propoxy-snccinic 
acids, which are recorded in the preceding paper. 


Resolution of Inactive JHethoxysuccinic acid . 

The method employed was the fractional crystallisation of the 
strychnine salts which is described in detail in the preceding paper, 
but with modifications suggested by our experience in resolving 
inactive ethoxysuccinic acid, which is recorded below. Instead of 
dissolving the acid and alkaloid in molecular proportions and crystal- 
lising first the acid salt of the lmvo-acid and then, after complete 
neutralisation of the mother liquor with strychnine, the normal salt 
of the dextro-acid, we found it better to take the acid and alkaloid in 
the proportion of 2 mols. of the former to 3 mols. of the latter; 
under these conditions, crystallisation being induced by pure nuclei 
of the salts, the very insoluble normal lsevo-salt is first deposited, 
the much more soluble acid dextro-salt being entirely retained in the 
solution. The mother liquor having ceased, after concentration, to 
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deposit any further crops of the moie insoluble salt, it is completely 
nentralised with strychnine, after which one or two small crops of 
the same salt are usually again deposited ; these having been 
removed, and the mother liquor concentrated somewhat by evapora- 
tion, the normal dextro-salt crystallises readily. Several successive 
crops of the salt are removed, until it is found that the mother liquor 
"begins again to yield some of the salt of the lsavo-acid. A mixture of 
the salts is readily detected, as the normal lsevo-salt crystallises in 
large, square plates, the normal dextro-salt in long, thin needles. 
The salts obtained in the manner described were decomposed with 
ammonia after being recry stallised, and the solutions of the am- 
monium salts converted successively into calcium salts, free acids, 
and finally acid potassium salts as indicated in the preceding paper. 
The specific rotation of the dextro-salt was 4-22 19° (c = 8, t = 15°), 
that of two successive fractions of the lsevo-salt —22*87° and 
— 28*50° (c = 8, t = 6°). The highest specific rotations found for 
specimens of the salt prepared by the other methods of resolution 
were 4-23*23° and — 2318°, from which it appears that the dextro- 
salt still contained 4 to 5 per cent, of racemoid salt. 

Resolution of Inactive JB thoarymccinic acid. 

The inactive acid was prepared from ethylic fumarate by methods 
previously described (Trans., 1893, 63, 229). It was usually preci- 
pitated from the product of the reaction, however, not as lead but as 
calcium salt ; the latter was found to yield a fairly pure product 
when decomposed with rather less than the calculated quantity of 
sulphuric acid, especially if the salt is first digested with alcohol to 
remove the colouring matter. The syrupy acid can be made to crys- 
tallise rapidly by stirring *, it then forms a paste, from which it is 
obtained by filtration as a white, crystalline powder. When it crys- 
tallises slowly, it forms large, transparent crystals. 

Before describing the process actually used for resolving the 
inactive acid into its active components, we may mention some 
unsuccessful attempts we made to resolve it by simple crystallisation. 
Having noticed on one occasion that the acid crystallised in a manner 
which differed from its nsual form, we induced crystallisation by 
stirring the syrup with a nucleus of the dextro-rotatory isomeride, 
and repeated the process on the fraction of crystallised acid thus 
obtained ; the product, however, was quite inactive. Similar 
attempts with the hydrogen ammonium salt, the active forms of 
which are readily recognisable, were also unsnccessf ul. The crystal- 
lisation of the zinc salt, which forms a syrup on evaporating its 
aqueous solution, seemed to be induced by a crystal of active salt, 
but the salt which crystallised was inactive. 
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It has been shown in a previous communication (7oc. cit.) that the 
dextro-rotatory form of this acid can he obtained by the action of 
PenicilHum glaucum on the racemoid compound ; the method, however, 
is not suitable for obtaining the substance on a large scale, and we 
had recourse therefore to the method of resolution by means of salts 
of the alkaloids. Experiments already described showed that among 
several alkaloids which were tried cinchonidine was the only one 
which gave the desired result. Our later experience with the other 
alkyloxysuccinic acids led us to conclude that strychnine would 
probably answer the purpose better, and we found that a very 
effective separation of the active forms could be attained by means of 
this alkaloid. 

Preliminary experiments showed that when the acid and strych- 
nine were dissolved in water in proportion to form the normal salts 
of both acids, the salt of the dextro-acid was deposited first. Thus, 
from 10 grams of inactive acid, 20 grams of recrystallised normal 
dextro-salt were obtained, the active acid from which, when concen- 
trated to 15 c.c. in aqueous solution, gave a rotation of +11*2° in a 
200 mm. tube. When the acid and alkaloid were dissolved in pro- 
portion to form tho acid salt of both acids, the acid salt of the laevo- 
acid was nsually first deposited. Thus, in an experiment in which 
9 grams of acid were taken, the first deposit consisted of the acid lsevo- 
salt, which, after being recrystallised and then decomposed with 
ammonia solution, gave 6 grams of strychnine, corresponding with 
about 3 grams of active acid. The aqueous solution of acid prepared 
from this, when concentrated to 10 c.c., gave the rotation —4*25° in 
a 200 mm. tube. It was found, however, on one occasion, in a later 
experiment on a larger scale, that, when the acid and alkaloid were 
in the same proportion as in the experiment just mentioned, the 
normal salt of the dextro-acid crystallised first ; we had reason to 
believe that the crystallisation was induced by the accidental intro- 
duction of a nucleus of the salt in question. Prom 100 grams of 
acid and 206 grams of strychnine, a crop of the normal dextro-salt 
was thus obtained, which, after being recrystallised twice, weighed 
92 grams, corresponding with about 18 grams of dextro-acid. The 
active acid prepared from this salt was pure. 55 grams of the acid 
leevo-salt were then deposited, corresponding with about 18 grams of 
Jsevo-acid, from which the pure acid ammonium laevo-salt was after- 
wards obtained. The composition of these salts was determined by 
precipitating and weighing the strychnine. 

In the course of our experiments the following facts regarding 
the general appearance and solubility of the strychnine salts of the 
active ethoxysuccinic acids were ascertained. 

Normal Dextro-salt — Rectangular plates, very sparingly soluble 
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in water. 100 c e. of an aqueous solution saturated at the ordinary 
temperature contain only about 2 spams of the salt 

Normal Lcevo-salt — Bundles of long, slender needles of satiny 
lustre, more soluble than the preceding salt. 

Acid Dextro-salt . — Very soluble: crystallises with some difficulty 
from very concentrated solutions as a fine powder, consisting of 
short, microscopic prisms. 

Acid L'vvo-salt . — Crystallises readily in small groups of radiating, 
soft, silky needles, much less soluble than the preceding salt, much 
more soluble than the normal dextro-salt, and apparently somewhat 
more soluble than the normal lffivo-salt. 

In our experiments on a larger scale, three different methods of 
separation, based on the facts relating to solubility just quoted, weie 
practised ; they may be summarised as follows. 

First Method . — Acid and strychnine were dissolved in equal mole- 
cular proportions so as to form the acid sails. By means of a nucleus 
of the normal dextro-salt a deposit of this salt was obtained, followed 
by a deposit of the acid lasvo-salt. The amount of strychnine, calcu- 
lated from the weight of the two salts removed from the solution, 
which v as required to form the normal salt of the dextro-acid and the 
acid salt of the lasvo-acid still present in the solution, was now added, 
which caused the deposition of another crop of the normal dextro- 
salt. followed by two crops of the acid laevo-salt. The mother 
liquor was then saturated with strychnine ; after removing another 
small crop of the normal dextro-salt, three crops of the normal lasvo- 
salt w ere deposited in succession. The final mother liquor was found, 
by precipitation of the strychnine, to contain only about 6 grams of 
acid, 100 grams of add having been originally used. 

Second Method — Acid and strychnine were dissolved in equal 
molecular proportions ; no nucleus being added, the acid lasvo-salt was 
first deposited. The necessary quantity of strychnine was now 
added to form the normal salt of the dextro-acid, two crops of which 
then crystallised, and afterwards a crop of the lasvo-salt ; the mother 
liquor being saturated with strychnine gave a little more normal 
dextro-salt, and finally normal IsBvo-salt. 

Third Method — Acid and strychnine were dissolved in the propor- 
tion of 2 mols. of the former to 3 mols. of the latter, so as to form the 
normal dextro-salt and the acid Isevo-salt. Under these conditions the 
normal dextro-salt always crystallised first. Several crops of this 
salt having been removed, the mother liquor was saturated with 
strychnine, after which a little more of the same salt was deposited. 
On concentrating the mother liquor, successive crops of the normal 
lasvo-salt were obtained. 

We found it always advisable to sow the solutions with pure nuclei 
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of the particular salt which was to be crystallised. In every case the 
crops of crystals were reerystallised until they were found to he 
homogeneons when examined with the microscope. It may be men- 
tioned that crops of crystals consisting of a mixtnre of the normal 
dextro-salt with the normal or acid Jsevo-salt may often be purified by 
shaking with cold water, when the two latter salts go into solution, 
the hard, gritty crystals o£ the dextro-salt being scarcely at all 
dissolved. Of the three methods of separation, the last mentioned is 
the best. As an example of its efficiency, we may state that in one 
expeiiment in which 139 grams of acid were taken, the practically 
pnre recrystallised normal dextro-salt obtained from the two-thirds 
nentialised solntion weighed 255 grams when dried at 100°, corre- 
sponding to about 50 grams of active acid, or 70 per cent, of the 
total dextro-acid present. 


Strychnine Salts of ike AlLyloxysu coin ic acids . 

Both active forms of the three acids examined, namely, methoxy-, 
ethoxy-, and propoxy-succinic acids form acid and normal salts with 
strychnine, and the corresponding salts of the three acids show certain 
general resemblances. Of the four salts of each acid, the acid dextro- 
salt is in each case much the most soluble, the methoxy- and ethoxy- 
succinates crystallising with some difficulty from very concentrated 
solutions, and the propoxysuccinate apparently not crystallising at 
all. The different solubility of the acid salt? can therefore be made 
use of for separating the active forms in the case of all three acids. 
Of the normal salts, the methoxy- and propoxysuccinates resemble 
each other ; the dextro-salts crystallise in the form of long needles, 
and are more soluble than the lmvo-salts ; the loevo-salts are both 
dimorphic, crystallising cither in the- form of plates or needles, the 
plates being the stable form, in the case at least of the methoxy- 
succinate. In crystallising nential solutions of the strychnine salts 
of these two acids the normal salt of the laevo-acid is therefore first 
deposited. In the case of the normal salts of ethoxysnccinic acid, 
however, it is the dexfcro-salt which crystallises in plates, and which 
is the more insoluble of the two forms. 

Yan’tHoff (J Die Jbagerunq der Aiome im Baume, p. 103) has pointed 
out that the rotations of the alkaline methoxy- and ethoxy-succinates - 
in dilute solution are in conformity with the law of Oudemans, and 
that the ionic rotations deduced from the normal salts of the alkalis 
are about 15° and 23°, and of the semi-dissociated acids, deduced 
from the acid salts about 29° aud 37° respectively. It seemed of 
interest to ascertain whether the salts of the alkaloids followed the 
same law. For this purpose we have determined the specific rota- 
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tlons o £ several of the strychnine salts and compared the results 
with the numbers deduced from the known ionic rotations of the 
acids and alkaloid. We find that the experimental results agree 
closely with the ^calculated values. 

Normal Strychnine l-Methoxy succinate . — The salt contains water of 
crystallisation. Two air-dried specimens lost each, when dried at 
100°, 12*87 per cent, in weight, and dried at 120°, at which tem- 
perature the substance begins to get slightly brown, 1301 and 
13*10 per cent * ; the calculated percentage for 7H a O is 13 38. 

The concentration of the solution which was used for the follow- 
ing determination of specific rotation was found by evaporating 
20 c.c. of a saturated solution and drying the residue at 110°. 

t = 12°; l = 4; c = 3*7065; a = -4*4°, hence [a] D = -29*68°. 

Hadrich (Zeit. physical. Chem., 1893, 12, 483) found the molecular 
rotation of the salts of strychnine in dilute solution to be —113°, 
which gives —33*73° for the specific rotation of the strychnine ion. 
The specific rotation of the acid ion calculated from the mean of 
that of the normal ammonium and potassium salts (Trans., 1893, 
63, 239) is 14*86°. The molecular weights of the ions of the alkaloid 
and acid being 335 and 146 respectively, then supposing the disso- 
ciation of the salts to be complete, its specific rotation should bo 

670 x 33*73 + 116 x 14 86 Qn , 

— = — 30*35 , a number which agrees as 

ol6 

closely as could he expected with the experimental value 29*68° It 
should he stated that in dissolving the salt, it suffers a certain 
amount of hydrolysis, a little strychnine being always left undis- 
solved which would account for the value found by experiment being 
low. 

From the specific rotations .of the valerates of inactive organic 
bases, Gruye and Rossi (Bull. Soc. Chim 1895, [3], 13, 464) have 
seen reason to conclude that these salts undergo hydrolytic dissocia- 
tion in water, and that electrolytic dissociation has only a subor- 
dinate influence on the rotations. It is extremely improbable that 
hydrolytic dissociation is the explanation of the case above referred 
to, and it may be pointed out that the specific rotation of strychnine 
metboxysuccinate calculated from that of the acid in water, instead of 
from that of the ion, amounts to 33*7° and does not agree, therefore, 
so closely with the observed result. 

Acid Strychnine l-Ethoxysuccinafe , — Dried in a vacuum or at 100°, 
it lost 6*61 per cent, of water ; the calculated percentage for 2H s O is 
6*77. At 100° it fuses and solidifies on cooling to a hard, horny mass ; 
55 grams of the dry salt gave, on precipitation with ammonia, 36 
grams of strychnine, the calculated weight being 37 grams. 
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The specific rotation was determined at three different concentra- 
tions. The most concentrated solnfcion was prepared "by dissolving a 
known weight of the dry salt in water and diluting the solution to a 
measured volume ; the other solutions were prepared from this hy 
suitable dilution. 


I. t = 11°; Z = 4; c = 7*614; a = -9 88°, [a] D = -32-44°. 

II. t = 11°; Z = 4, c = 3*0456 ; a = -4*15°, fa] D = -34*07°. 

III. t = 11°; Z = 4; o = 1*2182 ; a = -1*70°., [a] D = -3489° 


The rotation increases with dilution. The rotation of the acid ion, 
calculated from the acid ammonium salt, is —36 07° ; the calculated 
specific rotation is therefore 


161 X 36 07 + 335 x 33*73 
496 


= -3449°, 


which agrees closely with that found for the salt in dilute solution. 

Normal Strychnine d-Ethoxybicccinate . — Estimations of water of 
crystallisation by drying in a vacuum gave the numbers 11*18, 11*27 
per cent. ; the calculated percentage for 6H a O is 11 51. The sub- 
stance does not lose further in weight when heated to 105°. The 
composition of the salt was determined by weighing the strychnine 
precipitated by ammonia ; 53*31 grams of dry salt gave 42*71 grams 
of dry strychnine, the calculated quantity being 42*9 grams. 

The following observation of the activity of the salt was made on 
a saturated aqueous solution prepared at the ordinary temperature 
so as to avoid decomposition of the salt as far as possible, and its con- 
centration was estimated by evaporating a known volume ol it to- 
dryness. 

t = 11°; Z = 4; c = 2*1275; a = -1*9°, hence [a] B = -22*33°. 


The acid ionic rotation deduced from the rotation of the normal 
ammonium salt (he. cif.) is +22*41°, hence the calculated specific 
rotation of the strychnine salt is 


160 x 22*41 - 670 x 33*73 
830 


-22 91°. 


Normal Strychnine \-Ethoxy succinate . — The air-dried salt lost 7*83 
per cent, of water when dried at 100° ; the calculated percentage for 
4H 3 0 is 7*98. At 110° it fuses and becomes brown. Determina- 
tions of the specific rotation of the salt gave the following results : — 

I. t = 17°; Z = 4; c = 7*828; a = -9 25°; [a] D = -29*54°. 

II. t = 17°; Z = 4 ; c = 3*131; a = -3*96°; [afo = -31*62°. 

III. t = 17°; l = 4; c = 1*252; a = -1*7°; [*]„ = -3395°. 

The calculated value is 160 X 22 41 ± _ _ 31-550. 
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The agreement between the experimental and calculated values is 
not so close in the last case, but the results on the whole show that 
in dilute solutions of strychnine methoxy- and ethoxy-succinates the 
acid and alkaloid retain the activity which they exhibit when com- 
bined with alkalis and mineral acids respectively. 

Active Hydrogen Ammonium Ethoxy succinates. 

The recrystallised strychnine salts were decomposed with ammonia, 
and the filtered ammoniaeal solutions having been evaporated to a 
small bulk to precipitate traces of strychnine, were treated in one of 
two ways ; in some cases the calcium salt was prepared, and this, 
after digestion with alcohol to remove traces of strychnine, was con- 
verted into acid by methods already described, and in the event of 
the latter being coloured, finally into acid ammonium salt, which 
crystallises well ; in other cases the solutions in question were treated 
with animal charcoal, which effectually removed not only the colouring 
matter, but also traces of strychnine, and were then repeatedly 
evaporated on the water bath until the normal ammonium salt was 
converted into the acid salt. The latter was then obtained in the 
pure state by crystallisation, the presence of any inactive salt being 
readily detected by its distinct form. 

Both active salts were found to crystallise in the same form as the 
dextro-salt obtained hv the action of Penicillium , and their activity 
was also practically identical with that of the latter at similar con- 
centrations. The following determinations of specific rotations of 
different preparations of the salts may be quoted. The solutions 
were prepared by dissolving weighed quantities of the air-dried 
hydrated salts and making the solutions up to known volumes ; the 
specific rotations are calculated on the hydrated salts which, accord- 
ing to former analyses, contain 1 mol. H»0. 


t. 

c. 

l. 

a. 

Md- 

17° 

18-7500 

o 

+10-35 r 

+27-60° 

— 

10-0300 

m 

+ 5-71 

+28-46 

19 

7-5752 

in 

+ 4-35 

+28-71 

21 

10-3680 

SI 

- 5-88 

-28-36 

— 

10-0273 

11 

- 5-70 

-28-42 

11 

4-9000 

4 

- 5-78 

-29-49 


The specific rotation rises slightly with dilution; this is shown 
with most certainty in the first and third determinations, 27*6 and 
28*71, which were made on the same specimen of salt. 

Dr. Hugh Marshall, who kindly undertook the crystallographic 
examination qf the two active salts, has furnished ns with the fol- 
lowing report 
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Active (d- or 1-) Hydrogen Ammonium Etlioxysuccinate . 
System : — Rhombic, bisphenoidal class. 

a:b:c = 0 7877 : 1 : 1-3761. 

Forms observed : 

c = (001}, 2 = {Oil}, q r {012}, r = {101 J. 
Cleavage {010}, perfect. 



Table of Angles, 


Anglo. 

*. 

Measured 


Mean. 

Calculated. 

001 011 

16 

53° 53' 

51° 

8' 

54° O' 

— 

001 : 101 

16 

60 10 

60 

24 

60 13 

— 

001 : 012 

7 

34 23 

34 

56 

34 39 

34° 32* 

101 . on 

11 

72 51 

73 

4 

73 0 

7i 1-5 

101 012 

2 

65 51 

65 

59 

65 55 

65 51 


The two salts have exactly the same appearance, as sphenoidal 
forms are absent, and cannot be distinguished by inspection. The 
crystals are large, clear, and colourless. They are sometimes pris- 
matic along the brachy-diagonal, bnt generally they are tabular on 
the face c. In some of the smaller crystals, the faces of the form 
{012} are small or entirely wanting, bnt in the larger ones they 
almost equal those of the form {Oil}. The faces of these two forms 
are sometimes striated longitudinally, but as a rule the faces are 
good and give excellent reflections. 

Examined in convergent polarised light, a cleavage plate shows the 
interference figures of a rhombic crystal with strong double refrac- 
tion, negative. The axes lie in the plane 001, and have an apparent 
angle of about 20°, p<v. 

Active Ethoxy succinic adds . 

The active acids crystallised similarly to the dextro-acid obtained 
by the action of Penicillium . They were extremely hygroscopic, and 
their melting point (76 — 80°) was not sharp. An analysis of the 
dextro-acid dried in a vacuum gave the following results : C = 44*52, 
H = 6*33. Calculated for C 6 H m O$ : C = 44*44; H = 6 17 per cent. 

The specific rotation of the acids in aqueous solution was somewhat 
higher (0*5° to 1°) than that of the acid obtained by the fermenta- 
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tion method. We give below the results obtained on several different 
preparations, covering a greater range of concentration than was 
possible in previous observations, and also our observations on the 
activity of tbe substances in organic solvents. The acids were dried 
in a vacuum till constant. The acid used in these observations was 
the dextro-acid, except in the case of acetone. Of the specific rota- 
tions in water, those bracketed were made on the same preparation. 



t. 

l . 

e. 

a. 

Wo- 

Water.... 

i r 

2 

22*5865 

+ L5 *69° 

+34-73° 1 

W 

17 

2 


+ 9*24 

+ 34*41 J 

II ••••*••*•••••••••• 

12 

2 

8*1000 

+ 5-59 

+ 34*51 1 

» 

12 

4 


+ 2*25 

+ 34-72 J 

Chloroform 

12 

2 

11*6125 

+ 11-09 

+ 47*75 


12 

2 

4-7968 

+ 4-87 

+ 45*55 

» *• ••••*• 

11 

2 

4*5166 

+ 3*99 

+44-17 

» 

11 

2 

1*5989 

+ 1*26 

+ 39-40 

Ethylic alcohol 

11 

2 

11-8180 

+ 14*31 

+ 60-57 

Acetone 

14 l 

4 

9*5664 

-21*45 

-63-39 


14 

4 

3*8266 

- 9*98 

-64-87 


14 

4 

1*5306 

- 4*07 

-66-48 

Ethylic acetate 

18 

2 

19-9675 

+28*07 

t70-29 

n 

18 , 

2 

11 *5025 

+ 16 *09 

+ 69-94 

ii •••••••••• 

18 

2 

10*0580 


+ 70-49 


18 1 

2 

5 ‘3530 


+ 70-52 


Ethereal Salts of Methoxy- and Ethoxy-succinic adds . 

It has been shown in previous papers that when the product of the 
action of small quantities of sodium alkyloxide on mixtures of 
fumaric ethers and alcohols is added to water, the normal ethereal 
salt of the alkyloxysuccinic acid separates from the solution as an 
oil. Methylic methoxysuccinate has been already described (Tr ans ., 
1891, 59, 469). Some of the corresponding ethylic compound was 
isolated on the occasion of two of our preparations of ethoxysuccinic 
acid. After being dried with calcium chloride and fractionated, one 
specimen boiled at 163— 164° at 70 mm., the other at 148—150° at 
40 mm. ; the specific gravities were respectively dl7’5°/4 0 = 1*0400 
and d 17°/4° = 1*0403. As the percentage composition of the compound 
differs but slightly from that of ethylic fumarate, and its purity could 
not therefore be tested by ordinary analysis, we hydrolysed weighed 
quantities of each specimen with a measured volume of standard 
alkali, and estimated the excess of alkali with standard acid. 
I- 100 parts required 37*1 parts of 3NaOH. II. 100 parts required 
51*6 parts of KOH. The calculated quantities of NaOH and KOH 
respectively are 36’7 and 51*5 parts. 

With the view of finding the most productive method of pre- 
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paring the active ethereal salts from their acids, some experiments 
were made first with the inactive acid. As the nse of hydrochloric 
or snlphnric acid as etherifyiug agents had to be avoided on account 
of the risk of decomposing the acids or of causing racemisation, the 
only available methods were heating the acid and alcohol together in 
a sealed tube, and acting on the silver salt with an alkyl iodide. A 
solution of 15 grams of dry inactive ethoxysuccinic acid in 30 grams 
of etbylic alcohol was heated in a sealed tube for eight hours at 175 — 
185°. An oil remained after evaporating the alcohol from the pro- 
duct of the reaction, which, after being washed with dilute sodium 
carbonate solution, and then with water, and dried with anhydrous 
sodium sulphate, boiled at 125° at 12 mm. 100 parts of the ethereal 
salt required the calculated quantity of sodium hydroxide, namely 
56 7 parts, for hydrolysis, and its specific gravity was d 15°/4° = 
1*0391. The substance was therefore pure ethylic ethoxysuccinate, 
but as the product amounted to only about 43 per cent, of the 
theoretical yield, the method was not adopted. 

To test the second method, silver ethoxysuccinate was prepared 
by adding silver nitrate to a nentral solution of the amntonium 
salt. It was deposited as a slimy, sparingly soluble precipitate, 
which was difficult to wash, and had to be ground np repeatedly 
in a mortar with water till it formed a thin paste. The salt 
darkened slightly when exposed to light, but was dried at 100° with- 
out decomposition. The finely powdered substance was added slowly 
to an excess of methylic iodide. The action was slow at first, bat 
became rapid as the temperature rose. The mixture having been 
heated for a short time on the water bath under a reflux condenser, 
was diluted with anhydrous ether and filtered. The oil which 
remained after evaporating the excess of methylic iodide and the 
other boiled entirely at 114° at 14 mm. Its specific gravity was 
d 15°/4° = 1*1054: 100 parts required 42*08 parts FaOH for hydro- 
lysis, the calculated quantity for methylic ethoxysuccinate being 
42*1 parts. 

As the action of the alkyl iodide on the silver salt proceeded very 
readily and seemed to be complete, the method was adopted for the 
preparation of the active ethereal salts. The silver salts of the active 
acids were found to be very slightly soluble, like that of the inactive 
acids, and they were similarly prepared, partly from the acid and 
partly from the acid potassium salt in the case of methoxysnccinie acid, 
from the acid and acid ammonium salt in the case of ethoxysuccinic 
acid. The acids and salts used were those whose specific rotation has 
been quoted. The silver d-methoxy succinate was found to contain 
59 23, and the Z-methoxysuceinate 59*27 percent, of silver; C 6 H 8 0 5 Ag.s 
requires 59*67 per cent. 
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The silver ethoxysuccinafces were precipitated in the form of small 
fine needles. The dexbro-salt gave on analysis 57*51, and the lasvo- 
salt 57*13 per cent, of silver ; C G H 8 O fi Ag 2 requires 57*45 per cent. 
The dried silver salt amounted to about 88 per cent, of the theoretical 
yield. 

The active ethereal salts were obtained from the silver salts in the 
manner described above. The following details may be added. 
About twice the calculated quantity of alkyl iodide was taken. In 
the case of the ethereal salts of higher molecular weight, the reactions 
proceeded very vigorously owing to the higher temperature attained. 
The product was always distilled under reduced pressure. In almost 
every case as soon as the ether and alkyl iodide had evaporated, the 
thermometer rose rapidly to the boiling point of the ethereal salt, 
which distilled within a range of one or two degrees, a few drops 
only of higher boiling liquid being finally left in the distilling flask. 
The weight; of ethereal salt obtained amounted to 80 or 90 per cent, 
of the theoretical yield calculated on the silver salt used. The liquids 
after the first distillation usually still contained traces of alkyl iodide, 
in consequence of which they became slightly coloured on standing. 
Their activity having been observed, they were distilled again, about 
1 c.c. being allowed to pass over before the main fraction was collected 
and a similar residue left in the distilling flask; the process was 
repeated until a product of nearly constant specific rotation was 
obtained. The specific gravity in each case was taken at the same 
temperature as that at which the activity was observed. The tempera- 
ture, as will be seen, varied to some extent, but we found that the 
variation did not have any considerable effect on the specific rotation. 
The ethereal salts examined were the methylic, ethylic, propylic, and 
normal bntylic methoxy- and ethoxy-succinates, also the isopropylie 
and ibobutylic ethoxysuccinates, but the two latter compounds were 
not obtained in the pure state. In some cases, to ensure greater 
accuracy, both active forms were prepared ; in other cases, owing bo 
insufficient material, only one of them. As determinations of the 
rotatory power of active compounds are not unfrequently entirely 
vitiated by the substances becoming partially racemised, and as the con- 
ditions which induce this change are as yet very imperfectly known, 
we have thought it necessary to quote the observations on activity 
made after each distillation of the liquids examined. 

Methylic (L-Meihoxysuccinate. 

1st distillation , b. p. 146° at 75 mm.; t = 12°, Z = 1, a = +60*4°. 
2nd distillation , b. p, 132° at 40 mm. ; t s= 12°, l = 1, a = +60*4°, 
d 12°/4° = 1-1503, [a] D = +52*50°. 3rd distillation, b. p. 119° 
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at 22 mm. ; t = 12°, Z = 1, a = +60*38°, d 12°/4° = 1*1498, [a]* = 
+52*51°. 

Analysis: 100 parts required 63*7 parts KOH for hydrolysis; 
calculated, 63*8 parts. 

The compound is liquid at 0° ; the racemoid salt is a crystalline 
solid melting at 28°. The specific rotatory power is somewhat too 
low, as the salt was made from a specimen of acid which was known 
to contain a little racemoid acid. 

Nthylic l-Methoxysuccinate. 

1st distillation , b. p. 134° at 25 mm. ; t = 12°, Z = 2, a = —105*11° 
2nd distillation , b. p. 123° at 20 mm. ; t = 10°, l = 2, st = —108*68°. 
3rd distillation, , b. p. 136° at 28 mm. ; t = 18°, l = 1, a = — 53*64°, 
d 18 °/4° = 1*0705, [a] D = -50*11°. 

Results of combustion : found, 0 = 52*70, H = 7*95 ; calculated, 
C == 52 94, H sss 7*84 per cent. 

Propylic 1-Methozy succinate . 

1st distillation, b. p. 157 — 158° at 31 mm. ; t = 13°, l = 1, a = 
—45*3°. 2nd distillation , b. p. 147° at 20 mm. ; t = 12°, Z = 1, a s= 
-47*05°, d 12°/4° = 1*0517, [a] D = -44*74°. 3*d distillation, b. p. 
173—173*5° at 58 mm.; t = 15°, Z = 1, a = -47 1, d 15°/4° = 
1*0419, [a] D = -45*21°. 

Analysis : 100 parts required 48*3 parts KOH for hydrolysis ; 
calculated, 48*4 parts. 

Normal Butylic \-Melhoxy succinate. 

IsZ distillation , b. p. 171 — 172° at 25 mm.; t sss 15°, l =•: 1, a = 
—41*58°, 2nd distillation , b. p. 174° at 30 mm. ; t = 15°, Z = 1, a = 
-41*97°, if 15°/4° = 1*0149, [a] D = -41*35°. 3rd distillation, b. p. 
172° at 25 mm.; Z = 15°, Z - 1, a = -42*25°, dl5°/4° = 1*0149. 
M* = -41*63°, 

Analysis: 100 parts required 43*2 parts KOH for hydrolysis; 
calculated, 43*1 parts. 

MetJiylio d-Nthoxy succinate. 

1st distillation , b. p. 133° at 40 mm.; i = 13°, Z = 1, a =s +65*08. 
2nd distillation, b. p. 115—116° at 19 mm.; Z = 13°, Z = 1, a — 
+66*i)8°. 3rd distillation, b. p. 121° at 30 mm. ; Z = 13° Z =s 1, a = 
+66*17°, d!3°/4° = 1*1055, [•]» == +59*86° 

Analysis : Found, O = 50*36, H — 7*63 ; calculated, C = 50*53, 
H = 7*37 per cent. 

VOL. lxvii. 3 T 
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A second distinct preparation of this compound from a different 
specimen of active acid gave the following results after the liquid 
had been distilled twice B. p. 115 — 116° at 16 mm. ; t = 19°, l = 2, 
a = 4-133 84°, d 19°/4° = 1 0990, [«]d = +60 89°. 

Mcthylic \-JNhoxy succinate. 

1st distillation , b. p. 119 — 120° at 19 mm. ; t = 13°, l = 2, a = 
— 135-07°, d 13° 4° = 1-1070, [a] D = -61-01. 2nd distillation, , b. p. 
119—120° at 18 mm.; t = 13° Z = 2, a = -135*34°. 3rd dufOZa- 
iton, b. p. 110° at 12 mm. ; Z = 12°, Z = 2, a = — 135*46°, cZ 12°/4° = 
1-1080, [a]j> = -61-13° ; * = 20°, Z = 2, a = -133 98°, d20°/4° =. 
1-0996, [a] D = -60-92°. 

Analysis : Found, C = 50*22, H = 7*41 ; calculated, O = 50*53, 
H = 7*37 per cent. 

The specific rotation, it will be seen, varies little between 12° and 20°, 
and the number found for the two oppositely active forms is practically 
the same, though the specific gravities found differ a little. The 
specific gravities of the active and inactive compounds are apparently 
identical; that of the inactive salt, the preparation of which was- 
referred to above, was found lo be d 15°/4° = 1T054 ; that of the 
dextro-salt, quoted above, d 13°/4° = 1*1055. 

JEJthylic d-Eihoxysuccinate. 

1 st distillation . b. p. 132 — 134° at 18 mm. ; t = 14°, l = 2, a = 
+ 115*79°. 2nd distillation . b. p. 125° at 14 mm. ; t = 12°, Z = 2, a =r 
+116*72° d 12°/4° = 1*0479, [*]„ = +55*69° 3rd distillation , b. p. 
124° at 13 mm.; i = 12°, Z = 2, a = +116 52°, d 12°/4° = 1*0475, 
[a] D = +55-62°; t = 17°, l = 2, a = 4-115*73°, dl7°/4° = 1-0418, 
[a] D = +55*54°. It will be seen that the specific rotation is 
practically the same at 12° and at 17°. A second specimen made 
from another preparation of active acid, gave almost the same result. 
t s 17°, l = 2, a = +115*2°, dl7°/4° = 1 0418, [>]„ = +55*29. 

Analysis : Found, 0 = 54 98, H = 8 39 ; calculated, C = 55*05, 
H = 8 26 per cent. 

As the percentage composition of this salt is not far removed 
from that of the corresponding fumarate, it was also hydrolysed 
quantitatively ; 100 parts required 51*8 parts KOH; calculated, 
51*5 parts. 

The inactive and active salts have evidently the same specific 
gravity; that of the inactive salt (see above) was found to be 
dl7°/4° = 1*0403. 
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• Propylic d -Ethoxy succinate, 

1st distillation, b. p. 151° at 16 mm. ; t = 11°, Z = 2, a = + 102*12°. 
2nd distillation , b. p. 147 — 148° at 12 mm. ; t = 12°, l = 2, & = 
+103*97® d 12°/4° = 1*0169, [*] D = +51*12°. 3rd distillation, b. p. 
144° at 11 mm. ; t = 15°, l = 2, a = +103*97°, dl5°/4° = 1*0131 
[a] D = +51*31°. 

Analysis : Found, 0 = 58*47, H = 9*01 ; calcnlated, C = 58*54, 
H = 8 94 per cent. 

Propylic l-Ethozy succinate. 

1$£ distillation , b. p. 157 — 158° at 25 mm. The liquid being- 
coloured with iodine, was shaken up with a little mercury, diluted 
with anhydrous ether and filtered. 2 nd distillation , b. p. 146 — 149° 
at 14—16 mm.; t = 9°, l = 1, at = -52*08, d 9°/4° = 1-0223, 
[a] D = —50*93°. 3rd distillation, b. p. 147° at 17 mm.; t = 7°, Z = 
1, a = -52*36°, d 7°/4° = 1*0226, [a] D = -51*20°. 

Analysis: 100 parts required 45*1 parts KOH for hydrolysis; 
calculated, 45*6 parts. 

Normal Butylic l-Eih oxysuccinate. 

1$Z distillation, b. p. 161° at 15 mm. ; t = 6°, Z = 1, a = —46*68°, 
d 6°/4° = 1*0053, [a] D = —46*43° 2nd distillation , b. p. 158° at 
13 man.; * s 6° Z = 1, a = -46*7°, d6°/4° = 1*0045, [a] p = 
-46*43°. 

Analysis : 100 parts required 40*5 parts KOH for hydrolysis ; calcu- 
lated, 40*9 parts. 

Isopropylic d-Etlioxysuccinate . 

During the action of isopropylic iodide on the silver salt, the 
formation of a hydrocarbon, probably isopropylene, was detected. 
The distillate was highly coloured with iodine; it was therefore 
diluted with anhydrous ether, shaken with a little mercury, and 
filtered. The liquid was twice redistilled, hut did not boil constantly 
like the other salts. Two fractions were collected, one at 153 — 155% 
and the other at 158 — 172° under 25 mm. pressure. The observa- 
tions made on the lower boiling fractions were as follows: t as 15% 
l = 1, a = +51*7 r ,% d 15°/4° = 1*0217, [a]* = +50*67°. The 
higher boiling fraction was strongly acid, and gave the rotation +56° 
in the 100 mm. tube at 6°. The substance was evidently impure, 
and there was too little of it for us to attempt to purify it. 

* 3 t 8 
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Isobutylic &- Ethoxy succinate . 

In this case also a hydrocarbon, probably isobutylene, was formed 
daring the action of the isobutylic iodide on the silver salt. 1st dis - 
filiation , b p. of main fraction, 176 — 190° at 42 mm. ; t = 15°, Z = 1, 
a. =3 + 57*65°. 2?wZ distillation, b. p. 165—175° at 19 mm ; t = 15°, 

Z = 1 # a = +57 37°, d 15°/4° = 1 0832, [a] B = +52 96°. &<Z <fcs- 
tillation, b p. 156—162° at 14 mm. ; * = 15°, Z = 1, a = +54 00 r , 
<Z15°/4° = 1 0485, [a] D = +51 50. The liquid was a viscid syrup, 
and in this respect differed from all the other salts which were 
mobile liquids. It was observed that for some hours after dis- 
tillation the activity continued to increase, though the temperatnre 
of the liquid remained the same; the angles of rotation recorded 
were observed about 12 hours after distillation. The liquid was 
evidently not pure, as it had an acid reaction, and the highest boiling 
fraction in the last distillation deposited crystals of d-ethoxysuccinic 
acid on standing. The compound was not analysed. 

Isobutylic l-Ethoxy succinate. 

1st distillation, b. p. about 178° at 25 mm.; the liquid was highly 
coloured with iodine. 2nd distillation , b p. 167 — 168° at 12 mm. ; 
i = 11% l = 2, a = —114*52°, d ll°/4° = 1 0741, [a] D = -53 31°. 
3rd distillation , b. p. 167 — 169° at 13 mm. ; t = 15°, Z = 1, ct = 
-5665°, d 15°/4° = 1*0669, [«]» = -5310°. This ethereal salt 
also contained free acid, and the observations of its activity are not 
very trustworthy. Considering, however, the agreement between 
the numbers obtained for the two oppositely active componnds, we 
are inclined to think that the specific rotation is probably approxi- 
mately correct. 

The fairly concordant rotations found for the oppositely active 
isomerides, and for different preparations of the same isomeride, show 
pretty clearly that the compounds did not undergo racemisation in 
the course of the processes through which they passed. To obtain 
.moire conclusive evidence on this point, some of the dextrorotatory 
ethoxysuccicates were hydrolysed with barium hydroxide, and from 
the barium salt the acid was procured in the usnal way by treating 
it with the calculated quantity of sulphuric acid. The ethereal solu- 
tion of the acid crystallised in colourless prisms having the same 
melting point, and nearly the same specific rotation as the original 
acid. The following were the observations made on it : t == 17°, Z = 
2, <? = 22*4885, a = +15*37°, [a] D = +34*18°; t = 17°, Z = 2, c = 
13*3980, a = +9 04°, [a]j> = +33*74°; the specific rotations of one 
of the original specimens of acid for similar concentrations were 
+34*73° and 34*41°, and of another 34*06° and 33*85°. Some of the 
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laevorotatory ethoxysuccinates were also hydrolysed, and the acid 
obtained from them conveited into acid ammonium salt, which gave 
the following rotation : Z = 2, c = 4*862, a = —2*79, [a] D = —28 69°- 
The salt, before conversion into ether, had the specific rotation, 28 88° 
at the same concentration. Active methoxysnccinic acid was als o 
recovered from the ethylic Z-methoxysuccinate ; it was found to 
have the specific rotation [a] D = —31*75° (e = 15*15), the highest 
number found for the original acid being —32 70. These results 
show that the active acids did not become racemised by their etheri- 
fication and subsequent treatment. The somewhat low activity of 
the recovered methoxysnccinic acid is due to the fact that the acid 
from which the ethereal salt was made was not quite so active as the 
specimen whose rotation is quoted. 

Discussion of Desuits. 

The striking points in the activity of the alkyloxysuccinic acids 
are the constancy of their specific rotatory powers in aqueous solu- 
tion for wide ranges of concentration, and the enormous increase 
which these exhibit in organic solvents. Thus in the case of ethoxy- 
succinic acid, the specific rotatory power in aqueous solution varies 
only a few tenths of a degree between the concentrations 20 and 
2 per cent., and rises from about 35° in water to about 70° in ethylic 
acetate, the rotation of the latter solutions remaining also fairly con- 
stant with varying concentration. In acetone the specific rotatory 
power is a little less than in ethylic acetate and rises slightly with 
dilution, in alcohol it is still further lowered to about 60*5°, and in 
chloroform it undergoes not only a much greater diminution, but 
exhibits also much greater variation with changing concentration. 
The rotation for example falls from 47*7° for c = 11*6 to 39*4 for 
c = 1*5. So far as the observations go which are recorded in the 
preceding paper, methoxy- and propoxysuceinic acids exhibit 
exactly parallel phenomena. With respect to its effect on the 
activity of the acid, chloroform appears to stand in a different 
category from the other organic solvents used, and this accords with 
the observations of Freundler (OomjpL rend , 1893, 117 , 556), who 
fonnd that oxygenated solvents in general had little influence on the 
rotatory powers of the ethereal diacidyltartrates, whilst haloid deri- 
vatives tended to reduce their value. 

The question arises, which of the observations on solutions, if any, 
can be taken to represent the actual activity of the acids ? The 
high values found in organic solvents cannot, we think, be so re- 
garded for the following reason: the rotations of even concentrated 
aqueous solutions are nearly the same as those of the semi-dissociated 
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and not veiy far above those of the wholly dissociated acids, as 
determined by observations on dilute solutions of the acid and normal 
salts of the alkalis respectively, and if the acids exist in organic 
solvents in the condition of unassociated molecules, then to account 
tor the comparatively low rotation in water solutions it would be 
necessary to attribute to these solutions a much greater extent of 
electrolytic dissociation than can be readily supposed to have occurred. 
The following determinations of the 'molecular weight of the acid in 
aqueous solution made by the freezing point method show that no such 
abnormal amount of dissociation does take place. I. P. = 8*6152, 
A = 1*025°, hence M = 158 9. II. P = 1*6402, A = 0 221°, hence 
At = 140*3. Calculated, M = 1G2. The specific rotations of the 
solutions were 3451° and 34*72° respectively. It follows that the 
high activity of the acids in organic solvents must be dne either to 
the existence in the solutions of molecular compounds with the 
solvent, which was the view held by Biot with regard to phenomena 
of the kind under discussion, or to the presence of associated mole- 
cules which have a higher rotatory power than the simple molecules. 
The latter explanation in view of recent research seems the more 
probable, and in the present case the fact that such different solvents 
as acetone and ethylic acetate have approximately the same influence 
on the activity points to the same conclusion, though the com- 
paratively slight change of activity produced by change of concentra- 
tion might he held to militate against this view. It is, perhaps, 
worthy of notice that the rotations of methoxy- and ethoxy-succinic 
acids in acetone are just about double their respective rotations in 
water; the same remark applies to acetylmalic acid, the specific 
rotatory power of which according to Guye ( Compt lend , 1893, 116, 
1135) is in water —10*4° to —10*7° and in acetone —*21° to —25*8% 
and the same relation holds approximately for malic acid the specific 
rotatory power of which varies in water from — 2*30° for c = 8*4 to 
—3*06° for infinite dilution, and in acetone accoiding to Guye has 
the value —5*7°. 

The alkyloxysucciuic acids, judging from their relation to malic 
acid, should undergo a considerable amount of electrolytic dissocia- 
tion in dilute aqneous solution , v and the second freezing point deter- 
mination quoted above indicates that this is so; as the specific 
rotation of the acids, however, is independent of concentration, it 
follows that their activity must he about the same as that of the 
products of their dissociation. That this is really the case is shown 
by a comparison of the specific rotatory powers of the acids in about 
8 per cent, aqueous solution with those of the respective ions, 
COaHOHa-OHOO^H^COD, 

feted from Observations on dilute solutions of the acid salts of the 
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alkalis. It will be noticed that tbe difference between the rotation 
of the acid and of the ion amonnts to only about 2°. In the case of 
the methoxy-acid the low number found for the ion is probably due 
to the fact that the salt from which it was deduced was not examined 
in sufficiently dilate solution. 

Methoxy. Ethoxy. Propoxy. 


Acid 32-5 34*5 36-2 

Ion 29-5 36-0 39*5 


From these considerations we think that the specific rotatory 
powers of the acids in aqueous solution may be taken as an approxi- 
mate measure of the actual activity of the substances. An inspection 
of the weights of the radicles attached to the asymmetric carbon 
atoms, 

(31) ? (45) f 

CHaO-^-COOH (45) C,H 5 0-C-C00H (45) 

CH 2 -COOH(59) CHs'COOH (59) 

H 

C 3 H,OC-COOH (45) . 

CH/COOH (59) 

shows that the simpler form of Guye’s hypothesis according to 
which the masses of the radicles are the chief factors influencing 
activity, while other factors, such as length of lever arm and 
possible distortion of the regular tetrahedron, are regarded as 
having only a subordinate influence, is inadequate to explain the 
phenomena exhibited by these acids. There being two equal 
masses in both the ethoxy- and propoxysuccinic acids, these sub- 
stances should be inactive. All three acids possess in reality a 
high activity, which increases uniformly with increase of the 
oxyalkyl group. It appears, therefore, that between these groups 
and the C0 2 Q or CH^CC^H group, there exists such an essential 
difference, that, though they are of equal mass, molecules containing 
them may yet possess a high degree of dissymmetry, in the produc- 
tion of which, therefore, the mass of the radicles plays only a 
subordinate part. The case of ethoxy- and propoxy-succinic acids is 
exactly analogous to that of methylic and ethylic diacetylglycerates 
described by Frankland and Macgregor (Trans*, 1893, 63, 1419); 
in both instances two successive members of a homologous series 
contain each two groups of equal mass, and yet there is no indication 
of any near approach to a change of sign in the series. It should he 
stated that Guye, even in his first memoir saw reason to con- 
clude that in compounds containing radicles of equal weight, it 
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would be necessary to take into account other factors besides mass, 
’and that he has not ceased to emphasise the important part which 
such factors may play. It is, however, difficult to conceive any valid 
reason why such factors should affect the rotatory power of molecules 
to a greater extent when they contain radicles of equal mass than 
when the masses of all the radicles are different, and it is, therefore, 
surprising that the simpler form of the hypothesis should apparently 
suffice to predict successfully the position of maximum activity in a 
series like the glycerates, and yet give such erroneous deductions 
regarding positions of minimum activity in similar series such as the 
diacetylglycerates. 

Objections may perhaps be taken to our use of the results derived 
from observations on aqueous solutions of the free acids, notwith- 
standing the considerations we have advanced in support of their 
availability as measures of the actual rotatory powers of the com- 
pounds. It may be pointed out, supposing such objections to be 
valid, that observations on dilute aqueous solutions of the normal 
salts of the alkalis, which in the opinion of van’t Hoff is probably 
the only method of obtaining comparable results for acids, lead to- 

conclusions similar to those deduced above. Hitherto, so far as we 
* 

know, no observations of this kind have been made on closely allied 
acids, and we append, therefore, a note of the ionic specific rotatory 
powers of the three acids calculated from observations made on solu- 
tions of the normal ammonium and potassium salts, 

Methoxv. Ethoxy. Propoxv, 

14 * 86 ° 22 * 41 ° 27 09 ° 

from which it will he seen that the rotation rises uniformly as in 
•the observations made with the acids. 

Turning now to the ethereal salts, we tabulate below the specific 
rotatory powers of the compounds examined, their molecular rota* 
tions, and the corresponding products of asymmetry calculated from 
Guye’s simplified formula, 

P = pr — b)(a — c)(a — • d)(b — c)(b — d)(c — d) 

(a + b + c + d) h 

Wo have omitted the sign of rotation, and taken the mean of dupli- 
cate experiments on the same form, or on oppositely active forms* 
except when we had reason to believe that certain results were more 
reliable than others. The specific gravities being taken at varying 
temperatures, are omitted ; the values decrease, as was to be expected* 
with ascending series, and are lower in the ethoxysuccinates than in 
the corresponding methoxysuccinates. 
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Metkoxysuccinates . 



* 

[«]d. 

n M 

L«Jd 10 q. 

P x 10 s . 

Methylic . . . . . 

... 52-51 

92-42 

106 

Ethylic ...... 

... 50-11 

102-22 

122 

Propylic ..... 

... 45-21 

104-89 

125 

Butylic 

... 41-63 

108-24 

121 


Ethoxysuccina tes. 



Wd. 

M 

W^ioo" 

P x io». 

Methylic 

.. 60-98 

115-86 

32 

Ethylic 

.. 55-48 

120*95 

59 

Propylic 

.. 51-25 

126-08 

76 

Butylic 

.. 46-43 

127-22 

85 

Isopropylic . • . . 

.. 50-67 

124-65 

— 

Isobutylic .... 

. . 5300 

145-22 

— 


The sign of rotation of the compounds is the same as that of the 
acids from which they were derived. Leaving out of account for the 
present the isopropylic and isobutylic salts, which are not comparable 
with the others, the specific rotations decrease and the molecular 
rotations increase in each series with increasing molecular weight. 
The specific and molecular rotations of the ethoxysucciuates are 
higher than those of the corresponding methoxvsuccinates, as was to 
be expected from the relations of the acids. On plotting out the 
specific rotations, we find that the values for each series, excepting 
that of methylic methoxysuccinate, lie on nearly straight lines which 
are approximately parallel. The specific rotation of the salt men- 
tioned is about 2° lower than it should be ; it was made, as already 
stated, from a specimen of acid somewhat less active than that from 
which the other three members ot the series were procured. 

The addition of CH* to the two carboxyl groups lowers the 
specific rotatory power by more or less the same amount as the 
addition of CH 2 to the oxyalkyl group raises it. It will be noticed 
further that the molecular rotations of the methoxysnccinates show 
a tendency to attain a maximum, making allowance for the low 
rotation of the first member, the difference between that of the first 
and second is about 6°, and bet wee u that of the propylic and butylic 
members 3*3°. This tendency is distinctly marked in the ethoxy- 
succinates where the maximum is probably reached by the butylic 
compound. 

It remains to inquire how far the simpler form of Guye’s hypo- 
thesis will account for these facts. The increase of activity on con- 
verting the acids into ethereal salts is evidently in conformity with 
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the hypothesis, as the masses of the two radicles which are already 
the highest are thereby increased, but we cannot attach much 
importance to this point, as it is doubtful whether observations on 
liquid ethereal salts and acids in solution are strictly comparable. The 
increase of molecular rotation with increase of molecular weight is 
also in accordance with the hypothesis, for the calculated products of 
asymmetry increase in both series. It should be noted, however, that 
the specific rotations vary in the opposite sense. We may remark 
here that in another series, that of the amylic salts of the fatty acids 
{ Compt . rend., 1894, 119, 906), the specific rotations of which 
attain a maximum at a point: near to that indicated by the product 
of asymmetry, give very different results if the molecular rotations, 
which are strictly the proper measures of varying activity, are 
compared. The increase of rotation on passing from the methoxy- to 
the ethoxy-succinates is not predicted by the product of asymmetry, 
for the value of P in the ethoxy series is much lower than in the 
methoxy series within the range of the members examined. It will 
be seen that the value of P in the methoxy series attains a maximum 
at the propylic compound ; the experimental maximum must be con- 
siderably higher in the series ; the calculated and experimental 
maxima in the ethoxy series are not far removed from each other, as 
the former falls on the hexylic and the latter on the butylic or amylic 
salt. As already stated, we do not attach much importance to the 
results obtained with the isopropylic and isobntylic compounds, as 
they were not pure ; it may be pointed out, however, that the isopropyl 
radicle seems to act more strongly and the isobutyl less strongly in 
lowering the specific rotation than the corresponding normal radicles; 
in the case of the glycerates, diacetyl glycerates, and diacidyl 
tartrates (Bui 7. Soc. Chim ., 1894, II, 370) the differences are of a 
similar kind, but iu the opposite sense ; the isopropyl radicle acting 
less strongly and the isobutyl more strongly in raising the rotation. 
This review of the results of our experiments leads ns on the whole 
to conclude that, in order to explain the phenomena exhibited by the 
alkyloxysuccinic acids and their ethereal salts, other factors besides 
mass must be taken into account. An extensive investigation by Walden 
oil active derivatives of succinic acid, just published (Zeit. p hysikal. 
Ghent 1895, 17, 245), leads to the same conclusion. 

The great Increase of activity produced by the replacement of the 
OH-group in malic acid by an oxyalkyl group, and the discrepancies 
between the experimental results and the requirements of Guye’s 
hypothesis in its simpler form, have led us to attempt to find the 
order of the values or coefficients of asymmetry, as they might be 
called, of the radicles H, OC»H 2n+ i, OOOH, and CHjfCOOH. Starting 
with the provisional assumption that in malic acid the values of the 
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coefficients of H, OH, COOH, and CH/COOH are in the same order 
as their masses, and that in methoxysuccinic acid, H and CH 2 *COOH 
retain their relative position, the relative magnitude of OOH s and 
COOH remains still in doubt. The preparation of methoxysuccinic 
acid from malic acid would of conrse decide the question of the 
relation of these groups, for if the former were greater than the 
latter a change ot sign would then result; as already stated, our 
efforts in this direction have not met with success. We therefore 
tried to connect the alkyloxysuccinic acids with the active halogen 
snccimc acids. The experiment was made by way of trial on inactive 
methoxysuccinic acid; on heating it at 100° with concentrated 
hydrochloric acid, the substance remained unchanged; on heating it 
with fuming hydrobromic acid, bromosuccinic acid was formed, but 
with it some fumaric acid, and this only after heating the mixture at 

330 140°, so that the method could not be applied evidently with 

any chance of success to the active acid. Among the numerous 
active derivatives of succinic acid recently described by Walden {he. 
cbt.) is a lsevorolatory ethylic ethoxysuccinate, presumably prepared 
from ethylic malate. Ho description of its preparation or other 
details have yet been published, but as its specific rotatory power is 
only 1*44°, while the actual rotation of the compound, according to 
our experiments, is about 55°, our experience lpads us to conclude 
that Walden’s substance is probably inactive ethylic ethoxysuccinate 
contaminated with small quantities of ethylic malate. 

In default of direct evidence, the following considerations incline 
ns to conclude that the coefficient of -OOHs is probably greater than 
that of -COOH, in spite of the smaller mass. As the ethereal malates 
increase in activity with ascending series, derivatives formed from 
them by replacement of the *OH-group by radicles of higher value, 
without change of sign occurring, should also increase in activity 
with ascending series, and should probably diminish in activity with 
further loading of the *OH-group, whilst, on the other hand, deriva- 
tives similarly formed, hut with reversal of sign, should exhibit the 
reverse phenomena. The acidyl ethers of malic acid belong appa- 
rently to the first class ; increase at the carboxyl group prodnees 
very slight change, increase of the acidyl group produces a slight fall of 
activity. The etheroal halogen-succinates, on the other baud, evidently 
belong to the second class ; a reversal of sign occurs in their produc- 
tion from the malafces, and, as was to be expected, their activity 
diminishes with ascending series, whilst the members of the bromine 
series have a higher activity than corresponding members of the 
chlorine series. The activity of the ethereal alkyloxysuccinatos also 
decreases with ascending series, and increases with increase of the 
oxyalkyl group; it is therefore probable that in their production 
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from the malates a change of sign will be found to occur, and that 
the value of OCH 3 is greater than that of COOH or even of COOCH*. 
This deduction is based upon specific rotations, but the molecular 
rotations also indicate that in respect of the change of activity which 
occurs with ascending series, the ethereal alkyloxysuccinates show 
more resemblance to the halogen-succinates than to the malates or 
acetylmalates. 

Secondly, the substitution of CH 3 for H in OH commonly produces 
a much greater change of general physical properties than the sub- 
stitution of alkyl groups for one another under similar conditions ; 
now, considering the ionic rotations of the normal salts of d-malie 
and d-alkyloxysnccmic acids, 

d-mahc. Mefcboxv. Ethoxy. Propoxy. 

Hormal salt . .. . + 14° + 14*8° +22*4° +27*1° 

which are the most reliable constants for comparison, it is evident 
that if d-methoxy succinic acid is derived from d- malic acid, a much 
larger change of activity is produced by replacing CH 3 by 0 3 H S or 
C 2 H* by C 8 H 7 than by replacing H by OH 3 , which is the reverse of what 
might he expected. If, however, d-methoxysuccimc acid is derived 
from Z-malic acid, then, in passing from the ion of the latter to that 
of the former a change of about 29° occurs, which conforms better 
with known experimental facts. 

The evidence advanced supports the conclusion that the OCHo, 
0 Calls, and OC*H 7 groups possess higher coefficients of asymmetry 
than the gronp COOH, and lower coefficients than CH 2 *COOH. 
Similar considerations would, we think, explain the various anomalies 
exhibited by the numerous derivatives of malic acid prepared by 
Walden ; thus the values of the halogens, when directly united to the 
asymmetric carbon atom, must evidently be taken as greater, irre- 
spective of all considerations of mass, than those of acidoxyl and car- 
boxyl groups. It must, however, he confessed that the slight effects 
on activity produced in the ethereal acetylmalates by enormous 
changes in the masses of the radicles is extremely puzzling, and 
suggests the conclusion that before Gruye’s law of the product of 
asymmetry can be applied even qualitatively with success, it will be 
necessary to make some approach to a knowledge of the relative 
values of the radicles by some such method as that attempted above, 
as was originally proposed by Crum-Brown. 

United College of St. Leonard and St, Salvator, 

University of St. Andrews. 
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XCVIII . — Rate of Escape of certain Gases from Solu- 
tions of varying Concentration. Addendum.* 

By Edgar Philip Perman. 

The President suggested that an arithmetical method of differentia- 
tion might be used with advantage instead of the graphical method 
described in my paper ( Trans 1895, 88, 868), and he very kindly 
found a formula which accurately reproduces the values of Q 
(amount of ammonia in solution in grams) given on page 871 ; it is 
log Q = 0646 — 0*00352 t (t = time, in minutes, from the beginning 
of aspiration). 

The comparison stands thus : — * 



NHn in solution. 

Time in minutes. 

r 

ft, - ..... ^ 

t. 

Observed. 

Calculated. 

0 

4-43 

4-43 

15 

3-90 

3-92 

30 

3-45 

3-47 

45 

3-07 

3*08 

60 

2-72 

2-72 

80 

2-33 

2-32 

90 

2-15 

214 

105 

1-90 

1-89 

By differentiation the 

rates of escape are 

obtained. The following 

table shows the values obtained by both methods : — 


By the arithmetical 

By tlie graphical 

NH S in solution. 

method. 

method. 

Qrams. 

Milligrams per min. 

Milligrams per min. 

4-2 

34-0 

351 

38 

30-8 

31-6 

3-4 

27-5 

27-5 

3-0 

24-3 

23-7 

2-6 

21-1 

20-5 


The agreement is not so close as could be wished, but sufficiently 
close to show that the graphical method is fairly accurate. The 
author has found that the results given by the two methods usually 
agree better, and never worse, than those in the preceding table. 

The sentences in the paragraph following Pig. 2 on p. 871 (line 4 
from bottom et seq .) were transposed by mistake ; it should read : — 

* The subject-matter of this addendum was intended to form part of the original 
'paper (pp. 868 — 880), but was omitted owing to a mistake for which Dr. Perman is 
in-no way responsible.— Ena 
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SONSTADT : NOTE ON THE 


M As before explained, the values of the tangents are proportional 
to the gas-pressures, and therefore Henry’s law appears from these 
results to hold good for ammonia between concentrations of 48 grams 
and 88 grams per litre. In order to test tbe validity of the law by 
this method, through the greatest possible range, concentrated 
ammonia solution was treated in a similar manner. Tbe Q t curve 
was quite smooth (Curve 1, Fig. 3) ; it was re-drawn in two portions 
to ensure greater accuracy in drawing tangents, the values of which 
were then plotted on one curve (Curve II, Fig. 3). It is not straight, 
but deviates more and more from a straight line as concentration 
increases. The values of Q cannot be expressed by any simple 
equation. The curve is, however, practically straight between any 
two points for which the concentration varies not more than 2 grams 
in 50 c.c/* 


XC1X . — Note on the Reduction of Potassium Platino- 

chloride . 

By Edwabd Sonstadt. 

The usual laboratory method of reducing the plafri nochlorides of 
potassium and other alkali metals by hydrogen is effective, although 
inconvenient and requiring some preparation; moreover it is not 
readily applicable to larger quantities than can be placed in a porce- 
lain boat within a glass tube. The method I have now to offer is 
thoroughly effective at a temperature below a red heat, and can he 
conveniently used on any quantity of the salt. 

When potassium platinochloride, for instance, is rubbed up with 
about twice its weight of mercury (in tbe same manner that chalk 
and mercury are rubbed together to form the well-known com- 
pound mercury with chalk ”) and the mixture is gently heated, 
calomel sublimes, together with the excess of mercury, leaving a very 
porous mass of platinum and potassium chloride, which can bo 
quickly washed. The reduction is complete, no trace of undecom- 
posed platinum salt remaining, and if the mercury used is pure, no 
foreign element is introduced. If the platinum salt and mercury are 
taken in approximately equal weights, the sublimate consists chiefly 
of corrosive sublimate, hut the redaction is also complete in this 
case. The following equations represent the reactions. 

(1.) 2KCl,PtCl 4 + 4Hg = 2KC1 + Pt + 4HgCL 
(2.) 2KCl,PtC3 4 4- 2Hg = 2KC1 + Pt + 2HgCl 2 . 

With small, accurately weighed quantities of the platinochloride, 
it is more convenient to place an excess of mercury (which need 
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not bo a great excess) in. a small porcelain crucible, and then to add 
tho platinum salt ; heat is applied very gently for some time, and 
c ter wards raised sufficiently to volatilise the sublimate adhering to 
the sides of the crucible, and to drive off the excess of mercury. It 
. hardly necessary to add that the heating should be conducted 
-'ithin a chamber adapted for carrying off the fumes, or, if con- 
Jerable quantities are under treatment, that provision should he 
«de for collecting the sublimate. 

Mercury, when agitated with solution of a platinum salt, precipi- 
tes the platinum, as it does many other metals from their solntions. 
The reaction is very delicate, so much so, that a solution of 1 part 
of potassium platinochloride in 3,000,000 parts of water may be dis- 
tinguished from pure water by the test, provided that the mercury 
is so pure as to leave no stain on a clean porcelain crucible when 
volatilised. 


C. — Orthobenzoicsulphinide. 

• By William J. Pope. 

OiiTHOBENZOicsuLPHKfiDE (commercial saccharin) is put on the market 
as a white micro- crystalline powder containing a considerable pro- 
portion of parasulphaminebenzoic acid. Having occasion to attempt 
the purification of some of the commercial article some months ago, 
I dissolved it in acetone, in which it is fairly solnble, and after filtra- 
tion allowed the solution to evaporate spontaneously ; massive, colour- 
less rhombohedra were deposited, and when examined were fonnd to 
consist of pure saccharin. A very pure and well crystallised sample 
of saccharin may be thus obtained from the impure commercial sub- 
stance by ono crystallisation from acetone ; it was found to be identi- 
cal with the purified material prepared by Ling’s process (English 
Pat. of 1893, 21417) of boiling the commercial article with sodium 
acetate. Samples prepared by Mr. Ling, and also by myself, by this 
piocess, when crystallised from acetone, yielded crystals which were 
indistinguishable in properties from those obtained by once crystal- 
lising the commercial substance from acetone. 

Orthobenzoicsulphinido is deposited from its cold acetone solution 
in colourless, transparent, monosymmetric crystals which have a 
vitreous lustre, and mayroadily be obtained 2 cm. or more in length.* 

* It does not seem to be generally known that acetone often forms a very good 
solvent for refractory organic substances which are required in largo crystals ; thus 
ammonium picrate, which can only be obtained in small cr\ stals from most solvents, 
separates from acetone in massive transparent crystals, two or more cm. in length, 
which aro now being examined, as their optical properties are of considerable 
interest. 

VOL. LXVII. 3 l T 
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The crystals usually affect a rhorabokedral hahit, being bounded by 
the forms a{100] and g{011} ; the pinaoo'id //{100} is usually the 
predominant form, but the dome #{011} is often as largely developed. 
Traces of the dome r{101} are generally observable, and sometimes 
the faces of this form are fairly large ; the pinaco'id c{001} is less 
frequently observed, whilst the prism form p{210} is very rarely 
observed, and when present is ill-defined and gives very poor results 
on measurement; tbe forms r{l01} and c{001} are generally small, 
and, as would be expected, usually give better measurements than 
the more dominant forms a{100} and q{011}. 

Crystals showing all the above forms are sometimes obtained, and 
then have the appearance shown in Fig. 1 ; butterfly-like twin- 
crystals (Fig. 2), in which the face of composition is r{I01}, are 
sometimes deposited from the solution and triplets due to repeated 
twinning on faces of the same form are by no means rare. 

Crystalline System. Monosy mine trie. 
a : b : c = 2786? : 1 : 1*718?. 
p = 76° 8' 30". 


Forms observed : — 

a {100} 

r {001] 

ff {011} 

r {101} 

p { 210 } 


£ 

Fra. 1. Pm. 2. 

The following angular measurements were obtained : — 
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3STo of 


Angle. obsen ations. 

Limits 

Mean 

Calculated. 

ac = 100 • 001 

46 

75° 

46'— 76° 39' 

3 

CO 

76° 8' 30" 

ar = ICO : 101 

54 

68 

5— 69 31 

68 46 

— 

cr - 001 * 101 

51 

34 

45— 35 37 

35 5 30" 

— 

ac - 100 : 001 

16 

103 

24—104 9 

103 49 

103 51 30 

aq =100- 011 

39 

82 

43— 83 15 

82 57 

82 56 

aq = 100 : Oil 

37 

96 

42— 97 31 

97 3 

97 4 

cq - 001 : Oil 

59 

58 

36— 59 48 

59 4 

— 

qq - Oil : Oil 

32 

61 

20— 62 29 

61 52 

61 52 

ap =100: 210 

6 

52 

50— 54 1 

53 24 

53 32 

pjp « 210:210 

8 

72 

26— 73 35 

72 50 

72 57 

pq = 210:011 

8 

40 

2— 40 58 

40 25 

40 16 

qr = Oil : 101 

15 

64 

39 — 65 42 

65 7 

00 

$ 

qr = 011:101 

21 

114 

12—115 37 

114 49 

114 52 

The following measurements were obtained from twin crystals : — 

aa =100-100 

6 

42° 

3'— 43° 31' 

42° 40' 

42* 28' 

qq — > Oil ■ Oil 

8 

49 

13— 50 26 

49 48 

49 44 


On breaking or crushing the crystals* they give out a very vivid, 
bluish- white light, which, however, is only of momentary duration ; 
this flashing or phosphorescence of the crystals is very brilliant, and 
is quite noticeable even in a well-illuminated room ; it was, in fact, 
first observed whilst the crystals wore being manipulated in the full 
glare of an incandescent gas lamp. The phosphorescence may be 
well shown on a small scale by pulverising a crystal between two 
microscope slides, and on a larger scale by vigorously shaking a bottle 
containing a few crystals in a darkened room ; on grinding a quantity 
of the material in a glass mortar in the dark an almost continuous, 
though rather fainter, light is emitted. On closely watching large 
transparent crystals while crushing them, the illumination appears 
to consist of a glow which pervades the whole crystal jnst as it 
breaks, and then immediately disappears ; the emission of light con- 
sequently occupies so short a time as to appear instantaneous. The 
phosphoresce uco is not always apparent, for a crystal may sometimes 
be crushed in the dark without becoming appreciably luminous; 
these cases, however, are rare ; on crushing 23 crystals which had 
been found to be quite normal in optical and geometrical properties 
in the dark, only ope refused to flash, although no other point of 
difference between it and the other crystals could be established. 

The method by which the crystals are broken seems without in- 
fluence on the flashing ; phosphorescence occurs when the crystals 
are hacked with a knife, rubbed together, crushed between the 
fingers or between pieces of glass, and also when they are caused to 
crack by rapid heating, either in the air or in the acetone mother 
liquor from which they crystallise. There seems to bo no particular 

S TT 9 
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plane in the crystal parallel to which breaking occurs without phos- 
phorescence ; no matter how carefully a crystal is cleaved along the 
very perfect cleavage on a {100}, so that parting shall only occur 
parallel to the cleavage, vivid phosphorescence always occurs, and on 
carefully cutting the crystals in the two directions perpendicular to 
the cleavage, so that very little parting occurs along this plane, a 
brilliant flash almost invariably results. 

An exhaustive examination of the properties of the crystals was 
made in order to allow of some cause being assigned to this peculiar 
phenomenon; it was at first thought that the crystals might he 
hemimorphic or hemihedral, and that the phosphorescence might he 
in some way related to the polar properties inseparable from hemi- 
morphism. Some suppoit seemed to be given to this view by tbe fact 
that the crystals are usually very unsymmetrically developed, the 
forms r {101} and c {001} being Frequently represented by only one 
face each, and a hollow often taking the place of one of the faces of 
the basal plane ; but these anomalies can only he accidental, for sncli 
a distribution of planes does not indicate any of the kinds of sym- 
metry possible in the monosymmetric system. 

The completely holohedi*al nature of the crystals is shown pretty 
conclusively by the following methods. "No evidence of pyroelec- 
tricity is obtained on heating and testing by Knndt’s method; 
further, on cleaving a crystal parallel to a{100} and dusting with 
the electrified mixture of red lead and sulphur, no indication is ob- 
tained that the two surfaces acquire a difference of electrical potential 
such as might be expected if this form were perpendicular to a pyro- 
electrical axis; no pyroelectricity is observed on heating the two 
cleaved surfaces. These facts seem to indicate that the phosphor- 
escence is in no way connected with pyroelectrical polarity, for the 
crystals phosphoresce brilliantly when parted along the plane a (100) 
although no evidence of pyroelectricity is obtained from the two 
parted surfaces. 

The strongest confirmation of the holohedral symmetry is afforded 
by the etch-figures obtained by corroding the various forms with 
solvents. For this purpose, a well developed crystal is immersed in 
cold acetone for a few seconds, then removed and diied between filter 
paper; the form a{100}, when examined under a high power, is then 
seen to be covered with small triangular cavities which are elongated 
in the direction of the c-axis ; two of the edges of these figures are 
curved and similar, as shown in the rough sketch appended (Fig. 3), 
whilst the third is straight. The cavities are hounded at the bottom 
'by three straight edges, two of which aVe equal m length and 
•equally inclined to the third ; the sides of the cavities are drusy and 
striated. The etch-figures on parallel faces are similar, hut point in 
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opposite directions; they are all symmetrical to the plane (010) 
The four faces of the form #{011} when etched, become covered with 
small scalene triangular figures, one side 
of which is parallel to the axis a ; the 
triangles are arranged as shown in the 
figure and those on the four faces aie 
symmetrical to the plane (010). IT o 
characteristic figures could be obtained 
on the forms p{210} and r{I01], but 
on the pinacoid c{001}, bow-shaped 
figures, resembling the letter D elon- 
gated vertically, are forired on etching ; 
these are also symmetrical to the plane 
(010). The holohedral nature of the 
symmetry is thus conclusively shown by 
the etch-figures formed on the crystals 
by acetone, and very similar figures are Pig. 3. 

obtained on collision with water. 

An examination of crushed crystals failed to reveal any alteration 
in crystallographic properties such as would be expected to result 
Irom a change in crystalline form, which is, a priori, a very probable 
cause of the peculiar phenomenon exhibited by these crystals. 

It has long been known that when mica is cleaved or crystals of 
cane sugar are crushed, phosphorescence occurs, although the illumi- 
nation obtained is excessively faint. In the case of sugar, the light 
can only be seen on crushing the crystals in a well-darkened room 
after the observer’s eyes have become super-sensitised by absence of 
light for 10 or 15 minutes; ihe phosphorescence then observed 
appears of the same colour and character as with the aromatic com- 
pound. ITo case of this kind of phosphorescence has been recorded 
in which the phenomena at all approach the present in point of 
brilliancy, and farther investigation of orthobenzoicsulpliinide would 
very possibly yield an explanation of this kind of phosphorescence 

Attempts to obtain phosphorescence by the rapid crystallisation of 
supersaturated solutions, as has been recently done by Bandrowski 
(ZnL, phys. Ghem ., 1895, 17 , 234), yielded only negative results, 
possibly because the solutions do not lend themselves readily to aapid 
crystallisation. There are, however, no grounds for attributing the 
phosphorescence of crushed crystals and that of crystallising solutions 
to the same cause, and the two classes of phenomena are apparently 
quite distinct. 

The plane of symmetry is the optic axial plane, and one optic axis 
emerges through a{100} in the angle fi at 43° in air to the normal ; 
an optic axis emerges almost normally through and ono 
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through. c{001 } at about 47^° to the uormal in air for sodium light ; 
the obtuse bisectrix emerges through a{100}, and the optic axial 
angle is 90 — 100° in air. The extinctions in the faces perpen- 
dicular to the plane of symmetry are parallel to the traces of the 
latter; the extinction in q{ 011} makes 48° with the edge aq, and 
30° with the edge qc for yellow light. The double refraction is nega- 
tive and very strong, and the dispersion is feeble. There iB a very 
perfect cleavage parallel to a[100}, and the cleavage surfaces are 
faintly striated parallel to the 5-axis; traces of the characteristic 
etch-figures can also be seen on them. 

On heating orthobenzoicsulphinide in a current of air, a sublimate, 
consisting of long, colourless, glistening needles, is obtained ; these 
are crystallographically identical with the crystals described above, 
and show the forms «{100} and 
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Cl . — Derivatives of fi-Resorcylic acid. 

By A. Gr. Perkin, F.B.SJE. 

Introductory. 

Thu following investigation was originally instituted with the object of 
gaining some insight into the constitution of certain natural colouring 
matters, but, owing to pressure of other work, it has been laid aside 
from timo to time, and it has thus unfortunately happened that some 
of the results have been anticipated by others. It seemed desirable, 
therefore, to lay before the Society an account of such new products 
as have been obtained, more especially as the results attained did 
not serve the purpose for which they were originally intended. 

The action of methylic iodide on the alkaline sodium salt of 
/3-resorcylic acid does not yield the dimethyl ether of tl»o mot hylic 
salt of this acid, ( OMe) C 0 O M e, the princij>al product being 
a substance having the same composition, namely, CioHujOj, and 
insoluble in alkalis ; it, however, contained only tv\ o metlioxy-groups, 
one of which is present in the COOMe group. It appeared, therefore, 
that the constitution was represented by the formula, 

0 6 H 2 Me(0Me) (OH)-COOMe. 

Crystallised from alcohol, it formed prismatic needles, melting at 
76—77°, By hydrolysis, the acid itself, C«H 2 Me(OMe)(()n)'(JOOH, 



PERKIN: DERIVATIVES OP £-RESOROmC AGID. 991 

was obtained ; tbis crystallises in slender needles, melting at 210°, 
soluble in alkalis, and containing one methoxy-group. 

That portion of tko product of the methylatiou of /?-resorcylic 
acid which was soluble in alkalis consisted chiefly of two substances, 
one of which melted at 210°, and proved to be the acid just mentioned. 
The other, which was more readily soluble, was found Co be the 
monomethyl ether of /3-resorcylic acid, [CO OH : OH : OCH a = 1:2:4], 
previously obtained by Tiemann and Parrisius (Per., 1885, 13, 2375 J. 
The presence of this substance indicates that the hydroxyl group in 
/3-resorcylic acid which resists methylation is in the ortho-position 
relatively to the carboxyl group. 

The behaviour of the alkaline sodium salt of /J-resorcylic acid 
towards ethylic iodide is also peculiar, the principal product formed 
contains but two ethoxy-groups, and has apparently the constitution 
of a monethyiic ether of the ethylic salt of /9-resorcylic acid, 
0 6 H 3 (0Et)(0H)*C00Et. In this case, contrary to what takes place 
when methylic iodide is nsed, there is no displacement of a hydrogen 
of the nucleus by an ethyl group. 

By saponification it is converted into the acid, 

OgHsCOEt) (OH)'COOH, 

melting at 153 — 154°. That portion of the product of the ethylation 
soluble in alkali consisted chiefly of the free acid, m. p. 153 — 154°, 
there being also present a trace of a substance of lower melting 
point. 

It being important to determine the position of the ethyl group in 
tho above ethyl ether of the acid, its behaviour towards acetic 
anhydride was studied. It has been shown by W. EL Perkin (Trans., 
1883, 35), that when salicylic acid is distilled with acetic anhydride, 

diphonylene ketone oxide, is produced. /3-Besor- 

eylic acid under similar conditions yields iso-euxanthone, 

0 H’0 6 Hj<q^> 0(H 3 *OH, 

and it appeared evident that if the monethyl ether in a similar way 
yielded iso-euxantliono diethyl ether, it must have i*he constitution, 
OEt : OH : COOH =1:3:4. On making the experiment such was 
found to be the case, Iso-euxauthone diethyl ether forms nearly 
colourless needles, melting at 185°. It is therefore evident that the 
hydroxyl group in £-resorcylic acid which resists ethylation is the 
one in the ortho-position relatively to the carboxylic group. It is 
interesting to notice that these peculiar results are due in this 
instance to the influence of the carboxyl group, for resorcy laldehyd e 
when methylated behaves normally, giving the dimethyl ether, 
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C«H 3 (OMe) 3 *COH, and diethyl ether (Tiemann and Parrisius, loc. cit ). 
These, when oxidised, yield the corresponding derivatives of the acid, 
C 6 H 3 (OMe) 2 *COOH, &c., which, as shown above, are not formed by 
its direct methylation or ethylation. According also to the results 
of Habermann (Be?*., 1877, 10, 86S) resorcinol dimethyl ether. 
C 6 H 4 (OMe)i, is readily formed. 

I have al^o studied the action of methylic iodide on resaceto- 
phenone, but unfortunately these results have been anticipated by 
Gregor ( Monatsh 1894, 15, 437). and Wechsler (ibid., 15, 239;. 
With methylic iodide, resacetophenone yields a sabs lance having 
the constitution, C 6 H 2 Me(OMe)(OH)-CO'CHj, insoluble in alkalis, 
the results resembling, therefore, those obtained with /J-resorcylic- 
acid. Curious^, however, the action of ethylic iodide gives a 
normal result, resacetophenone diethyl ether being formed. The dis- 
tinctive behaviour of these substances on methylation and ethylation 
is exhibited more clearly by the following table. 

0-Resorcylic acid, C fl H 3 {PH) 3 -COOH, }ields 

0 6 H 2 Me (OMe) (OH)-COOMe and C 6 H 3 (OEt)(OE)*COOEt. 
Resacetoplienone, C B H 3 (OH)> CO*CH 3 , yields 

C 6 F 2 Me(OMe) (OH) -00 CH 3 and C fa H 3 (OEt) vCO CH* 
Resorcvlic aldeliyde, C 6 H 3 (OH)yCOH, yields 

C 6 H 8 (0]VIe) 2 -COH and C 6 ir 3 (OEt)yCOH. 

Resorcinol. C b H 4 (OH) 2 , yields C 6 H 4 (Oile) 2 . 

It appears probable that the insolubility in cold alkali of the methy 1 
ethers of resorcylic acid and resacetophenone, which apparently 
contain a free hydroxyl group, is due to the oxygen of the latter 
having assumed the ketonic form. The constitution of these sub- 
stances would therefore be thus represented. 

OCff 3 

/'"'jH-CH, 

u° 

COOCHj 

Somewhat analogous to the above is the behaviour of pliloroglucinol. 
which yields a triacetyl derivative, a trioxime, a hexamethyl 
derivative (Hargulies, Monatsh ., 1888, 9, 1040), 

0 


and & hexethyl derivative (Herzig, Zeisd, Hid., 9, 890). Though 
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resorcinol docs not react with hydroxylamine (Baeyer, Ber., 1886, 
19, 163), yet on treatment with nitrons acid it is converted into 
dinitrosoresorcinol, which can be regarded as diquinoyldioxime, 

O 

h/Nstoh 

H \/° 

[NOH 

in that by treatment with hydroxylamino it now reacts with it, 
yielding diquinoyltetroxime (Kostanechi, Bet , 1889. 22, 1345). 

A preliminary investigation of the action of methylic iodide on the 
sodium salt of gallacetophcnone has been made *, the principal pro- 
duct, which forms colourless needles meltiDg at 7 7 — 78°, has the 
constitution of a gallacetophcnone dimethyl ether. 

The study of the above substance is being continued, and at the 
same time the action of methylic and ethylic iodides on a-resorcylie 
acid, cresorcinol-, and qninol-carboxylic acids will be investigated. 

An account is also given in this paper of the oximes of galJaceto- 
phenone, quinacetophenone, and resacetophenone. Digestion for a 
short time with acetic anhydride converts them into monacetjl 
derivatives. 


Experimental. 

Methylation of p-Jle?orcyltc acid . 

/J-Resorcylic acid dissolved in a solution of the calculated quantity 
of sodium methoxide in methylic alcohol was treated with excess of 
methylic iodide, and the mixture boiled for 50 hours. After removing 
the unchanged methylic iodide, the product was poured into water, 
extracted with ether, and the extract, after being washed, first with 
water, and then with dilute sodium carbonate solution, was dried over 
calcium chloride and evaporated. Tho brown, syrupy residue thus 
obtained deposited crystals on standing ; these were drained upou a 
porous tilo and purified by several crystallisations from methylic 
alcohol. 

0*1438 gave 0*3226 CO* and 0*0824 HA C = 61*18 ; H = 6*36. 

CioHtA requires 0 = 61*22 ; H = 6*12 per cent. 

It formed a beautiful, colourless mass of long, prismatic needles, 
melting at 76 — 77°, readily soluble iu hot alcohol, but somewhat 
sparingly in light petroleum. It is insoluble in cold solutions of the 
alkali hydroxides. Tho methoxy-groups present wore determined by 
ZoiseTs method. 

0*2274 gave 0*5430 Agl. CH 3 = 15*24* 
OH3*0 8 H 2 (OOH3)(OH)-OOOOH 3 requires 0H 3 = 15*30 per cent. 
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It contained, therefore, bnt two methoxy-groups, of which one is 
present in the form of the methylic salt ; it must therefore ho con- 
sidered to be a monomethijl ether of the methylic salt of methyl- (5- resorcylic 
acid . As discussed in the introduction, its constitution is apparently 
OOH s : OH : COOCHa = 1:8:4. In order to obtain the acid from 
this methylic salt, it was first digested with boiling dilute alkali until 
a clear solution was obtained ; the alkaline solution was then neutral- 
ised with acid, and the colourless precipitate collected, washed, and 
dried. It was purified by crystallisation from alcohol and toluene 
respectively. 

0*1192 gave 0*2590 CO* and 0*0614 H 2 0. C = 59*25 ; H = 5*72. 

0*1094 gave, by Zeisel’s method, 0*1487 Agl. CH 3 = 8*67. 

CHs-CACOCHsKOHJ-COOH requires C = 59*34; H = 549; 
CHs = 8*24 per cent. It was therefore a monomethyl ether of methyl - 
fi-resorcylie acid. 

Thus obtained, it formed colourless needles, melting at 210° with 
evolution of gas, this decomposition being evidently due to the 
splitting off of the carboxyl group, as is tbe case with y8-resorcylic 
acid itself. The product consisted of a browuish oil, which, after 
standing for several days, became crystalline, but its examination was 
deferred until larger quantities could be obtained. It is readily 
soluble in alcohol, sparingly in water and toluene. With ferric 
chloride, an aqueous solution of the acid yields a claret-red coloration. 

The alkaline washings of the ethereal extract obtained during the 
isolation of the above methylic salt were neutralised with acid, 
extracted with ether, and the extract evaporated. The nearly colour- 
less, crystalline residue consisted chiefly of two substances, which 
were separated by fractional crystallisation from alcohol and dilute 
alcohol, a somewhat tedious process, the most insoluble product being 
obtained in colourless needles, melting at 210°, und tbe second, which 
had a similar appearance, melting at 151°. 

The former, on examination, proved to be tho monomethyl other of 
methyl -/3-resorcy lie acid [OCH s : OH : OOOH = 1:3:4] described 
above. A Zeisel’s determination gave the following result. 

0*4302 gave 0*5564 Agl. CH 8 = 8*25. 

CHa’GeHj^OCHa) (OH)*COOH requires CH* = 8*24 per cent. 

The second, or more soluble, substance, melting at 151°, was 
analysed, with the following result. 

0*1370 gave 0*2900 CO* and 0*0645 HaO. 0 = 57*73; H = 5*22. 
0*2195 gave, by ZeisePs method, 0*3090 Agl. CH S = 8*98. 
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OCH 3 -C 6 H 3 -(OH)*COOH requires 0 = 57*14; H = 4*76; CB, = 
8 92 per cent. It was evidently a monomethyl ether of ft tpsoicyhc 
add . Its properties agreed with those given for the methyl etlioi 
[OCH 3 : OH : GOOH = 1:3:4] previously obtained by Tiemanu 
and Parrisius (Zoc. cit.) by the methylation of y3-resorcylic acid. 

The original aqueous liquid remaining after the extraction of the 
mixed products of the methylation with ether was neutralised with 
acid, extracted with ether, and the extract evaporated. A dark 
brown, oily residue remained, from which nothing crystalline sepa- 
rated, even on long standing. It probably consisted of a mixture of 
methyl ethers of resorcinol, the latter being produced from the decom- 
position of some of the resorcylic acid in the earlier stages of the 
reaction. 


Ethylation of ft-JResorcylic add . 

The method employed in studying the action of ethylic iodide ou 
/^-resorcylic acid was similar to that previously described. The pro- 
duct was extracted with ether, the extract washed with dilute sodium 
carbonate solution, dried, and evaporated. The oily residue thus 
obtained deposited crystals, on standing, which were drained upon a 
porous tilo and purified by several crystallisations from in ethylic 
alcohol. 

0*1123 gave 0*2578 OO a and 0*0690 H 2 0. C = 62*60 ; H = 6*b2. 

OEt*OcH 8 (OH)*COOEt requires C = 62*85; H = 6*66 per cent. 

It was obtained in long, colourless needles, melting at 53°, readily 
holuble in alcohol; cold alkali solnfcions dissolve it with difficulty. 

In order to convert it into the acid, it was digested with a 
boiling solution of dilute can&tic potash, until a clear solution was 
formed; this, when acidified, deposited a colourless precipitate, which 
was collected, washed, and puritied by crystallisation from dilute 
alcohol. 

0*1090 gave 0*2372 00, and 0 0562 H 2 0. 0 = 59*34 ; H = 5*72. 

0*1964 gave, by Zei&el’s method, 0*2575 Agl. C 2 H 5 = 16*17. 
OKt*C 6 Hi(OH)*COOH icquires 0 = 59*34 ; H = 5*49 ; C.EU = 15*93 

per cent. 

ft-Resorcylic add monelhyl ether forms colourless needles, melting at 
L53 — 154°, sparingly soluble in water, readily in alcohol. Its aqueous 
solution gives a claret-red coloration with ferric chloride. 

Salicylic acid, when distilled with acetic anhydride, yields di- 

CO 

phenylene ketone oxide, C fi Hi<^Q_>C 3 H 4 , a^d ^-resorcylic acid, by 
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similar treatment, gives iso-euxanthone, OH'CeHj^Q^CsH^OH. 

If tlie above ethyl ether hare the constitution, OEt : OH : COOH = 
1:3:4, iso-euxanthone diethyl ether should he produced from it by 
this reaction. In order to determine this point, a small portion of the 
substance was digested with acetic anhydride in a small retort and 
the product rapidly distilled. Towards the end of the operation a 
distillate was obtained, which solidified in the neck of the retort ; 
this was collected, washed with a little alcohol, and recrystallised 
from the same solvent. 

0 1203 gave 0 3150 C0 2 and 0 0574 H,0. C = 71*41 ; H = 5 30. 

C17H10O4 requires C = 71*83; H = 5*63 per cent. 

It appeared as a mass of nearly colourless needles, melting at 185°, 
moderately soluble in alcohol, but insoluble in alkaline solutions. 

Experiment showed that the yield of this diethyl ether from the 
ethyl ether of /J-resorcylic acid is considerably greater than that of 
iso-euxanthone from £-resorcylic acid itself. 

From these results, it is evident that the ethylic salt of the etly 1 
ether of /J-resorcylie acid and the free acid produced by its saponifi- 
cation have respectively the constitution, OEt : OH : COOEt and 
OEt : OH : COOH =1:3:4. 

The alkaline washings of the ethereal extract obtained during the 
isolation of the above ethylic salt, were neutralised with acid, extracted 
with ether, and the extract evaporated. The nearly colourless, cn 3- 
talliue residue consisted chiefly of a single substance, there being 
traces present, however, of a second moie soluble product. By crys- 
tallisation from tolncne, the latter was readily removed. 

0*1142 gave 0*2493 CO, and 0*0390 H s O. C = 59*53 ; H = 5*74. 

0*1191 „ 0*257 7 „ ,, 0*0590 „ C = 59 01 ; H = 5*50. 

OEt-CeH 3 (OH)-COOH requires C = 59*34; H = 5 49 for cent. 

It crystallised in colourless needles, melting at 153 — 154°, and is 
identical with the monetbyl ether of /3-resorcylic acid 

[OEt: OH : COOH = 1:3:4] 

above described. The quantity of the more soluble product accom- 
panying it being small, its examination has been deferred. 


Methylresaeetophenotie Monometkyl Ether. 

Experiments were made on the methylation of resacetophenone, 
but, as stated in the introduction, the resnlts obtained have been 
anticipated by others. ^The principal product of the reaction, which 
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was insoluble in alkalis, crystallised in colourless leaflets, melting at 
-83 — 84°. 

0*1812 gave 0 4450 CO a and 01345 H*0. 0 = 66*96 ; H = 7*22. 

0*1543 „ 0*3780 „ „ 0*0940 „ 0 = 66*81 ; H = 6*76. 

O6H 8 Me(OMe)(OH) , CO*0H 3 requires 0 = 66*66; H = 6*66 per cent. 

It possessed the above constitution, which has been previously 
assigned to it by Gr. Gregor ( loo . cit.). 

To investigate the action of bromine on this substance, it was dis- 
solved in six times its weight of cai’bon bisulphide, and the solution 
treated gradually with sufficient bromine, dissolved in the same 
solvent, to form the monobrominated derivative. The action took 
place readily, and as soon as hydrobromic acid ceased to be evolved, 
the solution was evaporated, the residue spread upon a porous tile, 
and purified by several crystallisations from light petroleum. 

0*3359 gave 0 2422 AgBr. Br = 30*69 per cent. 

CeHBrMe ( O Me ) ( O H ) • C O • CH 3 requires Br = 30*89 per cent. 

It forms long, thin, colourless needles, melting at 63 — 64°, sparingly 
soluble in light petroleum. It is not attacked, even when digested 
with boiling alcoholic potash, and from this and other reactions it was 
$>hown to contain the bromine in the nucleus, and not in the side chain. 

Preliminary experiments have also been carried out on the methyla- 
tion of gallacetophenone, in a similar manner to those previously 
described with /S-resorcylic acid. The chief product of the action 
-crystallised in colourless needles melting at 77 — 78°. 

0*1133 gave 0*2540 CO s and 0*0650 H a O. 0 = 61*13 ; H = 6*37. 
O 0 H 2 (OH)(OOH 3 ) 2 ‘CO*OH 3 requires C = 61*22; H = 6*12 per cent. 

It has therefore the composition of a dimethyl ether. I desire to 
reserve to myself the further study of this substance. 

Oxime of Oct llacetophenone. 

Gallacetophenone (4 grams) dissolved in an aqueous solution of 
potash (14 grams) was treated with a solution of hydroxylamine 
hydrochloride (4 grams), rise in temperature being avoided. After 
standing 12 hours, the product was neutralised with acid, extracted 
with ether, and the extract evaporated ; the brown, crystalline residue 
was purified first by crystallisation from water, and finally from 
toluene with the aid of animal charcoal. 

0*3600 gave 24 c.c. moist nitrogen at 17°, and 743 mm, 'N = 7*56. 

CeH 8 (GH) s 'C(NOH)*CH 3 requires ]N = 7*65 per cent. 

It formed colourless needles, melting at 162 — 163°, and decompos- 
ing slightly above this temperature. Crystallisation of the crude 
product from water, in which it is sparingly soluble, docs not render 
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it colourless, "benzene and tolaene being the only useful solvents foi* 
tliis purpose. It dissolves readily in acetic anhydride, on gentle 
warming, bub this solntion, when raised to the boiling point, suddenly 
solidifies if concentrated, owing to the separation of crystals. These 
were collected, drained upon a porous tile, and purified by crystallisa- 
tion from acetic acid. 

0*1058 gave 0*2068 C0 2 and 0*0505 H a O. O = 53*56 ; H = 5*32. 

0*1677 ., 8*8 c.c. moist nitrogen at 20°, and 756 mm. F = 5*97. 

CxoHuNfOs requires 0 = 53 33 ; H = 4 90 ; N = 6*22 per oent. 

A determination of the acetic acid yielded by its decomposition 
with baryta water gave 28*19 per cent., the theory for one acetyl 
group being 28*09 per cent. ; it was therefore a monacetyl derivative. 
From acetic acid, it crystallises in almost colourless needles, soluble 
in dilute alkalis. When heated, it commences to darken at 150 — 155°, 
and melts with rapid decomposition at 165°, gas being evolved, and 
if some quantity be melted, this action is so violent as to frequently 
give rise to a slight explosion ; on digestion with solvents of high- 
boiling point, the same decomposition takes place, bnt more mode- 
rately, and it is hoped in this way to study the action. 

The oxime of resacetophenone has been studied by Weehsler (Joe. 
cit.), and, in order to investigate its behaviour with acetic anhydride, 
a small quantity was prepared ; it readily dissolved, on gently warm- 
ing, and when the solution was boiled for a few seconds and cooled 
rapidly, crystals separated. These were collected and purified by 
crystallisation from toluene. 

0*1466 gave 7*7 c.c. moist nitrogen at 1 7°, and 766 mm. 1ST = 6-14. 

0*1423 „ 0 2995 CO, and 0 0730 H 2 0. C = 57*40; H = 5 69. 

C w H u N 04 reqaires C = 57*41 ; H = 5 26 ; N“ = 6*6 per cent. 

It was obtained as nearly colourless needles, readily soluble in 
acetic acid, soluble in alkalis. When heated, it melts and decom- 
poses at 174 — 175°, but this action is not violent, as is the cose* 
with the gallacetophenone compound, gas being but gently evolved. 

Oxime of Qninaceioph enone. 

This was prepared in a similar way to the gallacetophenone com- 
pound. The product was purified by crystallisation from water ami 
tolaene. 

0*1894 gave 14*4 c.c. moist nitrogen at 18°, and 767 mm. N = 8*86. 

C6H*(OH) 8 *C(NOH)*CH 8 requires 1ST = 8*38 per cent. 

It crystallises from toluene in colourless leaflets, melting at 
149—150°. 

When heated with acetic anhydride, it behaves similarly to resaceto- 
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phenone oxime, a substance, apparently a monacetyl compound, being 
produced ; tliis crystallises from benzene in colouiless needles, soluble 
in alkalis, and melting with gentle decomposition at 146 — 147°. 

In concluding this paper, I desire to express my thanks to Mr. 
W. JEL. Alien, a foimer student, for bis assistance during the carrying 
out of a portion of this investigation. 

Glofhwm Jeers 9 Research Laboratory , 

Dyeing Department , 

Yorkshire College . 


GII . — Note on the Gravimetric Estimation of Maltose 
by Fehling’s Solution . 

By T. A. Glendinning, 7.L0. 

The alkaline copper solution originally devised by H. Fehling for the 
estimation of cupi ic-reducing sugars was prepared as follows (Avnalen, 
72, 106, and 106 , 75). Forty grams of pure, crystallised copper 
sulphate dissolved in 160 grams of water. 160 grams of neutral 
potassium tartrate dissolved in a little water and mixed with 600 — 
700 grams of caustic soda solution of sp. gr. 1*12 ; to this, the above 
solution of copper sulphate was gradually added, and the mixture 
diluted to 1154*4 c.c. at 15°. Tt was stipulated that the solution 
should be kept in well-filled, well-stoppered bottles, light being ex- 
cluded to avoid decomposition. 

At the present time, Fehling’s solution used by chemists has prac- 
tically the above composition, although it is now usual to mix the 
copper sulphate and alkaline tartrate solutions, when required; 
the tendency of Fehling’s solution, which has been kept any length 
of time, to deposit c aprons oxide on heating is thus avoided. 

The strength of the solution is such that 1,000 c.e. are exactly 
reduced by 5 grams of glucose; in other words, since 5 mols of 
cupric oxide are reduced by 1 mol. of glucose, each c.c. of such a 
solution contains 0*03464 gram of crystallised copper sulphate, or 
34*64 grams per litre. 

It has been repeatedly observed by the author that if potash in equi- 
valent quantity is substituted for the soda in Fehling’s solution, the 
cupric-reducing power of a solution containing maltose (wort, beer, malt- 
extract, &c.) always indicates a greater percentage of maltose than 
when soda is used ; that is to say, the weight of cupric oxide reduced 
is greater in the former case than in the latter. The regularity with 
which this difference was exhibited under varying conditions could 
not be accidental, and experiments were therefore carried out to 
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determine whether this is a constant and definite difference, which, 
np to now, has been overlooked. 

Copper Sulphate Solution . — The “pure” commercial salt was re- 
crystallised and a solution of it prepared, containing 69*28 grams* 
per litre. 

Rochelle Salt . — The salt usually supplied by the trade is impure, 
and requires careful recrystallisation. The readiest means of obtain- 
ing the pui*e substance is to add pure sodium carbonate to a strong 
solution of hydrogen potassium tartrate (cream of tartar) until 
slightly alkaline ; on evaporation, the pure crystallised salt is easily 
obtained. 

Alkaline Tartrate Solution . — For the soda solution, 360 grams of 
the purified Rochelle salt and 140 grams of caustic soda were dis- 
solved in water and diluted to 1 litre. 

For the potash solution, 360 grams of Rochelle salt and 196 grams 
of caustic potash (equivalent to 140 grams soda) were dissolved in 
water and diluted to 1 litre. 

Fehling’s solution was prepared, immediately before use, by mixing 
equal volumes of the copper sulphate solution and alkaline tartrate 
solution as required. 

In all gravimetric determinations of cupric-reducing sugars, it is 
absolutely necessary, in order to obtain accurate and comparable 
results, to adhere strictly to the same conditions of experiment. In 
the following determinations, the dilution was so arranged that after 
adding the sugar solution, the total volume of the diluted Fehling’s 
solution was 3£ to 3 t times that of the undiluted Fehling’s solution, 
and the precipitated cuprous oxide equivalent to 0*15 to 0*2 gram of 
CuO. After remaining for 11 to 12 minutes in the vigorously boiling 
water bath, the precipitated cuprous oxide was collected on a filter 
and weighed as CuO. Duplicate experiments were made, employing 
both asbestos tubes (Soxhlet’s), with ignitiou in a current of oxygen, 
and also small double filter-papers, which were ignited in open 
crucibles. The amount of sugar solutiou used was always weighed 
and referred to its specific gravity to estimate the volume. 

The Cupric Reducing Power of Maltose . 

A specimen of maltose which had been purified by repeated crys- 
tallisations from water and from alcohol, nntil its opticity and cupric- 
reducing power were constant, yielded, as the result of a large number 
of estimations, the following. 

Cupnc-reducing power. 

F 3 . s6 *. Absolute. 

Soda Fehling 61 62 

Potash Fehling 64 65 

* For the meaning of this symbol see Brown and Heron, Trans., 1879, 85, 596. 
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The value given by O’Sullivan was = 65 (J. Okem. Soc ., 1876, 
33, 127), but this was subsequently corrected by him to £ 3 . w = 
62*5 (Trans., 1884, 45, 4), which is equivalent to = 61. 

Brown and Heron (Trans., 1879, 35, 596) determined this value 
to be £3.86 — 61, which has been repeatedly confirmed by Brown and 
Morris in their communications to this Society since that date. 

On applying the above results to the analyses of starch transforma- 
tions, according to the definite lines laid down by Brown and Heron 
and by Brown and Morris, they were found to hold good in every 
case; thus — 

A. Starch Transformation at 60° C. with Gold Water Malt-extract of 
Air-dried Malt . 

( a )j3 86 = 164*0. 


With soda Feliling. 

With potash Fehlmg. 



48 5 

£3.^0 51*0 


Corresponding to — 

Maltose 

... 79-5 

Maltose 

79 68 

Dextrin 

... 20-5 

100-0 

Dextrin 

20-32 

100-00 

Calculated : — 





163-5. 

( a Vaa 163*4. 



B. Starch Transformation with Gold Water Malt Extract, previously 

heated to 66°. 

(*)j* 88 167*8. 

■Willi soda Fehling. With potash Fehlmg. 

£3.98 43 8. £3*36 46*2, 

Corresponding to — 

Maltose 71*88 Maltose 72*18 

Dextrin 28*12 Dextrin 27*82 

100*00 100*00 

Calculated : — 

168*5. ( a );3*w 168*3. 

t 

C. Starch Transformation with Malt Extract previously heated to 75°. 

(*W 179*0. 

With Boda Feliling. With potash Fehling. 

£3.88 33*84 £s*w 35*68 

3 x 
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Corresponding to — 

Maltose . • . • 55*46 Maltose 55*75 

Dextrin 44*54 Dextrin 44*25 


100*00 


100*00 


Calculated : — 

( a )/3-&e 179*4 ( a )>86 179*2 

The fact that some chemists are in the habit of using potash instead 
of soda for the preparation of Fehling’ s solution* is probably one of 
the reasons why discordant results are sometimes given by different 
authors as to the composition of solutions containing maltose, such as 
starch transformations. If, for example, in the above transformation 
C, the value of maltose be taken as 61, we should have, using potash 
Fehling, 

K 3 . ee = 35*68, corresponding to 


Maltose 58*5 

Dextrin 41*5 


100*0 

Calculated (a)^. 86 177*4°, instead of 179*0° actually observed. 

The question naturally suggests itself, wherber this difference in 
behaviour towards the two kinds of Fehling’s solution is confined to 
maltose, or whether other sugars behave in a similar manner. 

The other sugars so far examined are dextrose and invert sugar, 
but each is found to give identical results with soda and potash. It 
is noticeable that the cuprous oxide precipitated by maltose from 
potash Fehling is of a duller red, and does not separate as readily as 
when soda Fehling is used. The precipitate yielded by either solu- 
tion has the same appearance, and separates with equal readiness, 
when precipitated by dextrose or invert sugar. 


CIII . — Studies in the Xlalonic Acid Series. 

By S, Bl'hemaxk, Ph..D., M.A., and K. J. P. Obton, B.A., Hutchinson 
Student of St. John’s College, Cambridge. 

The halogen derivatives of malonic acid have been frequently sub- 
jected to close investigation, especially by Conrad and his pupils ; 
this study led to the synthesis of poly basic acids and of a number of 
other interesting compounds. The readiness with which the bromine 

* Pavy (‘ Physiology of the Carbohydrates/ p. 68) strongly recommends potash 
instead of soda. See also Moritz and Morris (‘ Text Book of the Science of Brew- 
ing/ w Fehlmg’s Solution,” p. 517). 
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in the bromo-derivatives of malonic acid is displaced by other groups 
is also shown by some observations which we have made on dibromo- 
malonamide. The action of nitric acid on malonamide resembles that of 
the halogens, in that it gives rise to the formation of ni tromalonamid e, 
and this can readily be transformed into amidomalonie acid which 
A. Baeyer (. Awndlen , 131, 291) discovered in the course of his inves- 
tigations in the uric series. An account of the above indicated 
research is contained in this communication, together with the result 
of our experiments on the action of hydrazine hydrate on ethylic 
ethoxymethylenemalonate ; the latter was undertaken with a view of 
ascertaining whether hydiazine behaves towards this derivative of 
malonic acid in the same way as phenylliydrazine does (Claisen and 
Haase, Ber., 1895, 28, 35), yielding ethylic pyrazolonecarboxylate, 
which one of us obtained from ethylic dicarboxyglutaconate ( [Ber. 9 
1894, 27, 1658). 

Liamidomalnnamide. — On allowing dibromomalonamide, prepared 
according to Freund’s directions (Ber., 1884, 17, 782), to remain in 
contact with a concentrated aqueous solution of ammonia for several 
days at the ordinary temperature, it is completely transformed into 
diaraidomalonamide. The product, when collected and washed with 
alcohol, is free from bromine, and shows the characters of the com- 
pound which Conrad and Bruckner (Ber., 1891, 24, 3002) obtained 
from ethylic dibromomalonate.* Its composition was verified by 
analysis of the product dried in a vacuum over sulphuric acid. 

0*2158 gave 79'5 c c. moist nitrogen at 16° and 746 mm. BT 42*13. 

CsHsOJN* requires BT = 42*42 per cent. 

Eydrazom of 2fesoxalamide. — Hydrazine hydrate removes the halo- 
gen from dibromomalonamide, as does ammonia, with formation of the 
hydrazone of mesoxalamide. On adding the base to the dry amide, 
the action is so violent that it is advisable to dilute with alcohol ; the 
action is completed by warming for a short time on tbe water bath. 
As the solution cools, it deposits long, colourless needles, which arc 
somewhat soluble in cold but readily in boiling water, from which 
they can be recrystallised. The substance melts at 175°, gas being 
evolved. On analysis it gave numbers corresponding to tbe formula 
(OONH^ClN'HHa. 

0*2240 gave 0*2300 CO^ and 0*0912 H a O. C =* 27*84 ; H = 4*52. 
0*2010 „ 75 c.c. moist nitrogen at 20° and 767 mm. BT as 43*08. 

CJBUNiO* requires C = 27*70 ; H = 4*61 ; Bf = 43*07 per cent. 

The phenylhydrazone of mesoxalamide is formed by heating an 

* We observed that the ethereal salt boils at 135—137° under a pressure of 
13 nun., whilst, according to Conrad and Bruckner, it distils at 145—155° under a 
pressure of 25 mm. 
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alcoholic solution of dibromomalonamide with the required quantity 
of phenylhydrazine on the water hath for about half an hour. The 
solution, on cooling, deposits long, yellow needles which are slightly 
soluble in cold and somewhat more readily in boiling alcohol. 
Glacial acetic acid, also, dissolves the substance, especially when 
boiling. It melts at 232 — 233°. A nitrogen determination agreed 
with the formula (CO’NH 2 ) 2 CIN*NH*C6H 5 . 

0*1970 gave 45 c.c. moist nitrogen at 15° and 764 mm. N = 27*19. 

CflHioN'iCb requires NT = 27 18 per cent. 

Bromine and nitric acid act on the phenylhydrazone of mesoxal- 
amide, forming bromo- and nitro-derivatives. The former is obtained 
by adding an excess of bromine gradually to the hydrazone dissolved 
in warm glacial acetic acid ,* the yellowish-brown precipitate which 
separates is collected, washed with alcohol, and dissolved in boiling 
glacial acetic acid ; canary-yellow needles, which melt at 240°, crys- 
tallise from it. The following analyses lead to the formula 
(CO-NH 2 ) 2 C:N-lSrH-CBH4Br. 

0*2950 gave 0*1973 AgBr. Br = 28*44. 

0*2008 „ H4 c.c. moist nitrogen at 22° and 764 mm. N = 19 27. 

0*1946 „ 33*8 c.c. „ 26° and 763 mm. N = 19*34. 

OoHsBr^Oz requires Br = 28*07 ; N = 19*64 per cent. 

The nitrophenylhydrazone of mesoxalamide, 

(CONHOaCIJST-NH-CsHi-NO^ 

is prepared by adding fuming nitric acid carefully to a cold solution 
of the phenylhydrazone in glacial acetic acid ; the deep yellow solu- 
tion is poured on to ice, and the yellow precipitate produced, after 
being washed with water, is recrystallised from glacial acetic acid. 
It crystallises in yellow needles which decompose at 235°. On 
analysis the following numbers were obtained. 

0*1988 gave 0*3126 CO> and 0*0682 H a O. C = 42*88 ; H = 3*81. 

0*2078 „ 50 c.c. moist nitrogen at 25° and 757 mm. N = 20*71 . 

0*1504 „ 36 c.c. „ 21° and 758 mm. TS = 27*17.* 

CsHalTsO* requires C = 43*02 ; H = 3*59 ; NT = 27*88 per cent. 

The nitrophenylhydrazone of the mesoxalamide is readily decom- 
posed by potasb, producing a deep red solution, from which, on the 
addition of hydrochloric acid, a yellow substance is precipitated ; this 
dissolves in glacial acetic acid, and separates from the solution in 
yellow needles, which decompose at 245°. This compound is most 
probably the phenylhydrazone of mesoxalic acid, formed by hydro- 
lysis of the amide. 

* The percentage of nitrogen found by analysis m substances of tliis class is 
always lower than that required by the formula. 
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Nitrumaltm amide. — Franchimont and Klobbie {Bee. Trav. Chun., 
8, 283) have, in the course of their researches on the action of nitric 
acid on organic compounds, obtained the nitro-derivatives of methylie 
and ethylic malonate. We have found that the nitro-group can be 
introduced into malonamide with the same readiness as bromine. 
The nitromalonamide is prepared by very gradually adding one part 
of malonamide to eight parts of fuming nitric acid. During the 
addition of the malonamide to the acid, the mixture must be kept cold 
by ice and well stirred. The separation of the nitromalonamide 
begins before the whole of the malonamide is introduced. The 
product is poured on to ice; the nitromalonamide is collected and 
washed thoroughly with cold water, in which it is almost insoluble. 
The amide thus obtained dissolves in boiling water, and, on cooling, 
separates in six-sided prisms, which decompose at 172°. Analysis 
confirms the formula CH(N0 2 )(C0NH 2 )2. 

0*2104 gave 0*1874 C0 8 and 0*0672 H a O. 0 = 24*29 ; H = 3*54. 

0 1758 „ 44*5 c.c. moist nitrogen at 25° and 768 mm. N = 28*54. 

0 3 H 6 N,0 4 requires O = 24 48. H = 3*40. N = 28*57 per cent. 

Nitromalonamide has acid properties, as have the ethereal salts of 
nitromalonic acid (Franchimont and Klobbie, Joe. cit .). The potas- 
sium derivative is prepared by dissolving the nitromalonamide in 
pure dilute potash, and is precipitated from the solution on adding 
absolute alcohol, in the form of colourless needles which dissolve 
readily in water forming a yellow solution. For analysis, the salt was 
dried in a vacuum over sulphuric acid and finally at 100°. 

0*3126 gave 0*1442 K 3 S0 4 . K = 20*68. 

0 3098 „ 0*1430 K,S0 4 . K = 20*78. 

CjH 4 KN 3 0i requires K = 21*08 per cent. 

The silver derivative is prepared from the aqueous solution of the 
potassium compound by adding silver nitrate ; it gradually separates 
in colourless prisms which dissolve in boiling water. It was dried 
in a vacuum over sulphuric acid, and then at 100°. 

0*3778 gave 0*1604 A g. Ag = 42*45. 

C 3 H 4 AgN 8 0 4 requires Ag = 42*52 per cent. 

The lead salt is deposited in yellow, rhombic crystals on mixing 
solutions of the potassium salt and lead acetate. 

0*3176 gave 0*1920 PbSO*. Pb = 41*30, 

(0 4 H 4 N 4 0 4 ) lJ Pb requires Pb = 41*48 per cent. 

Nitromalonamide dissolves readily in ammonia, and the salt is 
piecipitated from the aqueous solution by alcohol in colourless 
needles. 

x v sa 
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An attempt was made to prepare methylnitromalonamido from tlie 
silver salt. Metbylic iodide does not acb on the silver salt when they 
are heated together on the water bath ; au action, however, takes 
place on digesting it with methylic iodide in the presence of methylic 
alcohol in a sealed tube at 100° for two or three hours. A gas 
escaped on opening the tube; the latter contained, besides silver 
iodide, colourless crystals suspended in the liquid. The solid was 
collected and extracted with boiling water, which, on cooling, de- 
posited colourless plates melting at 173 — 174°. The melting point 
and crystalline form o£ this substance as well as a nitrogen determi- 
nation proved it to be nitromalonamide. 

0*1604 gave 40 c.c. moist nitrogen at 21° and 769 mm. NT = 28*34. 

C 3 H 5 IN 3 O 4 requires NT = 28*57 per cent. 

The formation of nitromalonamide from the silver salt is mo t 
probably explained by assuming an interaction to occur between the 
methylic iodide and methylic alcohol which produces methylic ether 
and hydrogen iodide, the latter decomposing the silver salt. 

Action, of Aniline on Nitromalonamide. 

When nitromalonamide is warmed with excess of potash or baryta, 
decomposition immediately takes place, and ammonia is evolved. 
The salts of nitromalonic acid, however, were not obtained, for on 
boiling until ammonia ceased to come off, it was found that decom- 
position had taken place, potassium or barium carbonate having been 
formed. 

Nitromalonamide is also decomposed on heating it with aniline ; 
on boiling the amide with the base in a flask fitted with a reflux con- 
denser, it enters into solution, ammonia is evolved, and the contents 
of the flask darken ; when cold, the liqnid solidifies almost completely 
to a mass of coloured crystals, which dissolve in hot alcohol and 
crystallise from the decolorised solution in colourless needles. The 
melting point (235°) and the chemical behaviour characterise this 
compound as diphenylcarbamide. A nitrogen determination gave the 
following result. 

0T792 gave 21 c.c. moist nitrogen at 22° and 758 mm. N = 13’23. 

CjuHizNsO requires N = 13*21 per cent. 

Amidomalonic acid . — Amidomalonic acid was discovered by Baeyer 
(Annalen 9 131, 291), wbo obtained it by reducing nitrosomalonic 
acid, the product of the action of potash on violuric acid (nitrosobar- 
bituric acid). Since nitromalonamide can be so readily prepared 
from maionic acid, it seemed to be of interest to subject this nitro- 
derivatdve to the action of reducing agents with a view of obtaining 
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amidomalonic acid. The reduction is effected in the following 
manner : — N itromalonamide is suspended in water and the calculated 
quantity of sodium amalgam, containing 2^ per cent, of sodium, is 
gradually introduced, the mixture "being cooled with ice. The yellow 
colour of the solution of the sodium nitromalonamide slowly disap- 
pears, and the reduction is completed "by adding a slight excess of 
sodium amalgam and heating on the water hath for half an hour. 
The alkaline solution is poured off from the mercury and boiled until 
ammonia, which first appeared during the reduction, ceases to be 
evolved. The cooled liquid is filtered and acidified with acetic acid ; 
and, following Baeyer’s directions, the amidomalonic acid is precipi- 
tated as lead salt by the addition of lead acetate. The acid is prepared 
by decomposing the lead salt, suspended in water, by hydrogen 
sulphide, filtering, and evaporating the filtrate from the lead sulphide 
in a vacuum over sulphuric acid, or by distilling it in a vacuum at a 
temperature of 50 — 55°. The colourless transparent prisms thus 
obtained melt at 109°, evolving carbon dioxide. A nitrogen determi- 
nation of an air-dried specimen gave the following result. 

0*2340 gave 21' 5 c.c. moist nitrogen at 24° and 755 mm. 1ST = 10*23. 

C 3 H 5 ]Sr0,,H 3 0 requires IN as 10*21 per cent. 

The water of crystallisation is onjy very slowly given off in a 
vacuum over sulphuric acid. 

Several salts of this acid have been prepared and analysed. The 
lead salt is obtained as described above, and, on analysis, gave 
numbers corresponding to the formula previously established by 
Baeyer, [CaHa(lTHi) 0 4 ] 2 Pb. 

0*3824 gave 0*2624 PbSO*. Pb = 46*88. 

0*2236 „ 0*1534 PbSO*. Pb = 46*87. 

CJEyN 2 0 8 Pb requires Pb = 46*72 per cent. 

The silver salt precipitated on adding silver nitrate to the 
ammoniacal solution of the acid darkens under the influence of 
light. For analysis it was washed with alcohol, and dried iu a 
vacuum. 

0*2014 gave 0*1304 Ag. Ag = 64*75. 

C 3 H 3 Ag 2 ]N 04 requires Ag = 64*86 per cent. 

The ammonium salt is precipitated by alcohol from its aqueous 
solution in colourless crystals ; it is most probably tbe normal salt 
which, however, on drying at 100°, loses ammonia and yields the acid 
ammonium salt. 

0*1616 gave 29 c.c. moist nitrogen at 22° and 757 mm. N = 20*22. 
0*1752 „ 31*5 c.c. „ „ 21° and 756 mm. IN = 20*34. 

C 3 H 2 (JNHs) (VINK* requires N = 20*58 per cent. 
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In connection with the experiments described above, we may beie 
record the result of an investigation, in continuation of a research on 
the action of bases on ethylic dicarboxyglutaconate. It has already 
been shown by one of us, that ammonia and primary monamines and 
diamines of both the fatty and aromatic series act on the ethereal 
salt, forming ethylic amidoethylenedicarboxylate (ethylic amido- 
methylenemalonate) or its derivatives on the one hand, and the 
amide of malonic acid or the substituted amides on the other. It 
seemed to ns of interest to subject ethylic dicarboxyglutaconate to 
the action of guanidine, in order to ascertain if, in this case also, a 
similar change would take place. We found, however, to onr surprise, 
that such is not the case, but that it leads only to the formation of 
the guanidine salt of ethylic dicarboxyglutaconate. 

On warming the ethereal salt with guanidine carbonate, dissolved 
in water, a solid is obtained, which is most probably a compound of 
both substances. This, on boiling with water, dissolves with evolu- 
tion of carbon dioxide, and, on cooling, yellow prisms crystallise out; 
these melt and decompose at 163°. The fact that this compound is 
decomposed by hydrochloric acid with the formation of ethylic 
dicarboxyglutaconate and guanidine hydrochloride, shows it to be 
the guanidine salt of ethylic dicarboxyglutaconate, as does the 
analysis, which gives results corresponding with the formula 

OH <CH(CO O C J[ 5 ) ^ NH:G (NSs) *• 

0-2092 gave 0-3790 C0 3 and 0-1304 H s O. O = 49-40 ; H = 6'92. 

0*2040 „ 19*5 c.c. moist nitrogen at 20° and 755 mm. 1ST = 

10 * 86 . 

CuH 27 NT 3 O b requires C = 49 36 ; H = 6 94 ; N = 10*80 per cent. 

The same salt is formed when guanidine itself is used instead of 
the carbonate. The base is obtained by dissolving guanidine hydro- 
chloride in absolute alcohol, and adding the calculated quantity of 
sodium dissolved in alcohol ; the filtrate from the sodium chloride is 
evaporated in a vacuum, and the remaining guanidine mixed with 
efchyhc dicarboxyglutaconate. Combination takes place immediately 
with evolution of heat, and the mixture solidifies to a mass of yellow 
crystals, which are identical with the product formed when guanidine 
carbonate is used, 

Action of Hydrazine Hydrate on Ethylic Ethoxy methylenemalmate. 

Ethylic dicarboxyglutaconate suffers, under tbe influence of phenyl- 
hydrazine, a decomposition similar to that which takes place with 
ammonia (Ruhemann and Morrell, Trans., 1892, 61, 793). This 



STUDIES IN THE MALONJO ACID SEMES. 


1009 


reaction gives rise to the formation of etbylic l-phenyl-5-pyrazolone- 
4-carboxylate, and is represented by tlie equation 

0H <OH(OOOCw'), + oaot-hb; = 

n-c 6 h 5 

/\ 

hILXoOOO* + aH -' 0H + OH.(OOOOJ.V 

Olaisen and Haase (Her., 1895, 28, 35) have found lately that the 
same compound is also formed by the action of phenylhydrazine on 
ethylic ethoxymethylenemalonate. They concluded from the chemical 
behaviour of the phenylpyrazolone, formed from the ethylic pyrazo- 
lonecarboxylate, that it has the formula 

H-C 8 H 5 

and not the tautomeric formula which follows from its synthesis. 

The action of hydrazine hydrate on ethylic dicarboxyglutaconate 
is like that of phenylhydrazine, yielding, as one of us has shown, 
ethylic pyrazolonecarboxylate, the constitution of which, in the light 
of Olaisen and Haase’s work, is to be represented by the formula 

NH 

✓\ 

If 9° 

HO — CH-COOCJBy 

So close is the analogy between the mode of formation of this 
compound and its phenyl derivative, and also between the chemical 
behaviour of these substances, that it was scarcely to be expected 
that objections would be raised against the above formula. Such 
objections, however, have been brought forward by v. Rothenburg 
(/. pr, Chem ., 1894, 50, 230), who has expressed the view that the 
action of hydrazine hydrate on ethylic dicarboxyglutaconate does not 
produce a pyrazolone derivative, but gives rise to a compound of 
double the molecular weight. 

S. Ruhemann and R. S. Morrell (He/*., 1895, 28, 988) have shown 
that the molecular weight corresponds with that required by ethylic 
pyrazolonecarboxylate, CeHgNTjOa. This formula is further supported 
by the following experiments which we were enabled to carry out by 
the kindness* of Professor Claisen, who allowed us to study the 
action of hydrazine hydrate on ethylic ethoxymethylenemalonate. 


# I take this opportunity of expressing my thanks to Professor Claisen for not 
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Hydrazine hydrate acts on ethylic ethoxymethylenemalonate as 
readily as phenylhydrazine does. The two substances, in molecular 
proportion, are gradually mixed in a flask, cooled by ice. They 
interact, and heat is evolved, a thick, yellow oil being formed, which 
solidifies slowly on standing ; on washing the solid with dilute hydro- 
chloric acid, it loses its yellow colour. The product readily dissolves 
in alcohol and ether, and crystallises from dilute spirit in colourless, 
rhombic prisms ; it melts at 82° to a colourless oil, which ouly very 
slowly solidifies again. Analysis of the substance, dried in a vacuum 
over sulphuric acid, leads to the formula 

OH-ira HH-CJH 

C(COOC a H 5 ) a C*(COOC 2 H 5 ) a * 

0-2106 gave 0*8984 C0 2 and 0 1220 H 2 0. C = 51*59 ; H = 6*41. 

0*2152 „ 14 c.c. moist nitrogen at 17° and 770 mm. N = 7*75. 

CisH^lSToOs requires C = 51 61 ; H = 6*45 ; N = 7*52 per cent. 

The action of hydrazine hydrate on ethylic ethoxymethylenemalon- 
ate differs, therefore, from that of phenylhydrazine (Claisen and 
Haase, loc. tit.), yielding a compound, which may be regarded as the 
ethereal salt of hydrazodimethylenedimalonio acid. This view of the 
constitution is confirmed by its behaviour towards boiling hydro- 
chloric acid. On heating the hydrazo- compound with the acid, it 
dissolves, and on evaporating the solution on the water bath, a crys- 
talline residue is left, consisting of malonic acid and hydrazine hydro- 
chloride. Their separation may be effected by means of ether, which 
dissolves the acid ; on evaporating, and recrystallising the malonic 
acid from water, it melts at 132°. The part insoluble in ether was 
proved to be hydrazine hydrochloride by its chemical behaviour. 
The decomposition, which the hydrazo- compound suffers under the 
influence of hydrochloric acid may, therefore, be represented by the 
equation 


qH-NH HH-CjH 

(j(COOC a H 0 )i C(COOC a H 5 ) 2 


+ HOI + 8H a O = HH 2 -NH 2 ,HC1 
+ 2CH a (COOH) 2 + 4C a H 5 *OH -f 2H-COOH. 


The hydrazo-compound has acid properties, and, with alkalis, forms 
yellow salts. The sodium salt is readily obtained in the form of 
yellow needles by mixing alcoholic solutions of sodium ethoxide 
and the ethereal salt ; the solution of the salt in water is strongly 
alkaline to litmus paper. For analysis, it was washed with alcohol, 
in which it is fairly soluble, and dried first in a vacuum over sul- 
phuric acid, and finally at 100°. 


only allowing me to study this action, but also for furnishing me with the exact 
details of the preparation of ethylic ethoxymethylenemalonate. — S. R. 
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0-2062 gave 0-0680 N^SO,. Na = 10-93. 

0-2214 „ 0-0748 Na,S0 4 . Na = 10-94. 

CieHaTSaaNjOg requires Na = 11-05 per ceut. 


The sodium salt is, no doubt, formed by tbe displacement of the 
imidohydrogen atoms, and its constitution may be represented by the 
. . CH-NNar-NNa-OH 

formula {j ( ' COOOjHs)s C(COOC 2 H 6 ) s ‘ 

This constitution is in agreement with the behaviour of the hydrazo- 


compound towards hydrazine hydrate and ammonia. Under the 
influence of these agents, it suffers a remarkable decomposition, yield- 


ing ethylic pyrazolonecarboxylate. 


Action of Hydrazine Hydrate on Ethylic Hydi azodimethylenedi - 

malonate. 


On adding an excess of hydrazine hydrate to the hydrazo-com- 
pound, heat is evolved, and a yellow solid is obtained, which is, no 
doubt, the hydrazine salt of ethylic hydra zodimetliylenedimalonate ; 
this is decomposed on warming on the water bath for a short time, 
yielding a colourless substance, which enters into solution. Hydro- 
chloric acid precipitates from this solution colourless needles, which, 
after recrystallisafcion from water, melt at 180°; the properties of 
this product fully characterise it as ethylic pyrazolonecarboxylate, 
which has been obtained by the action of hydrazine hydrate on 
ethylic dicarboxyglutaconate (Ruhemann, Rer., 1894, 27, 1659), and 
on ethylic amidoefhylenedicarboxykte (Ruhemann and Morrell, Ren, 
1894, 27, 2747). The formula, CsHsHaO*, was, moreover, verified by 
a nitrogen determination of the substance dried at 100°. 

0*210*2 gave 33*5 c.c. of moist nitrogen at 25° and 764 mm. N = 17*86. 

C 6 H a N 2 0 3 requires 1ST = 17*94 per cent. 

The formation of the pyrazolone derivative in the above action may 
be explained by assuming that, under the influence of hydrazine 
hydrate, the hydrazo-compound undergoes a decomposition similar to 
that which takes place in the case of ethylic dicarboxyglutaconate. 
The tiuns formation may be represented by tbe following equation. 


CH-NH NH-pH 

(D(COOaH 5 ) 2 C(COOC s H 5 ) 2 


+ NH,NH. = 2S H * NS ' NH * 

' C(OOOC,H,), 


The ethereal salt of hydrazometbylenemalonic acid then loses 
alcohol and yields ethylic pyrazolonecarboxylate, which combines with 
hydrazine to form a salt. This salt has been obtained (Ruhemann, 
Her., 1894, 27, 1659) from the product of the actiou of hydrazine on 
ethylic dicarboxyglutaconate. On adding hydrochloric acid, it is 
converted into ethylic pyrazolonecarboxylate. 
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The following experiment proves the correctness of the above 
view of the formation of the pyrazolone derivative from the hydrazo- 
componnd. 

Action of Ammonia on Ethyl ic EycLrazodim ethylenedimalonate. 

The explanation of the action mentioned above suggested that 
ammonia would effect a decomposition of the hydrazo-componnd 
analogous to that which is brought about by hydrazine, which is 
expressed by the equation. 

£!H\NH NH*£jH + NHj — 

c(cooc s h b ) 2 c(cooaH 5 )* 

OH-NHi NH 2 -ira-OH 

C(C000 2 H 5 ) 2 + C(COOC 2 Ha) 5 ~ 

NH 

^ooaa), + hL^h.oooo,h. + <» 0H - 

Such a decomposition does, indeed, take place, and leads to the 
formation of ethylic pyrazolonecarboxylate and ethylic amidoethy- 
lenedicarboxylate. This transformation is effected by warming the 
hydrazo-componnd with ammonia for about haJf an hour ; the yellow 
salt, which is first produced, enters into solution, but after a short time 
an oil separates; this is taken up by ether, and crystallises from the 
decolorised solution in colourless needles. These were identified as 
ethylic amidoethylenedicarboxylate, which has been obtained together 
with malonamide by the action of ammonia on ethylic dicarboxyglu- 
taconate (Ruhemann and Morrell, Trans., 1886, 49, 745). The 
formula of this product wa3 confirmed by a nitrogen determination. 

0*2286 gave 15*5 c.c. of moist nitrogen at 25° and 765 mm. N* = 7*61. 

C«H 13 N 04 requires N = 7*49 per cent. 

The ammoniacal solution of the product, after being freed from 
ethylic amidoethylenedicarboxylate by extraction with ether, contains 
the ammonium salt of ethylic pyrazolonecarboxylate, and, on adding 
hydrochloric acid, yields a precipitate. This crystallises from water 
in colourless needles, and was identified as ethylic pyrazolouocarboxy- 
late by the melting point (180°) and by a nitrogen determination. 

0*2092 gave 32'5 c.c, moist nitrogen at 21° and 765 mm. NT = 17*80. 

CeBUtfsOs requires 1ST = 17*94 per cent. 

The result of this investigation, therefore, affords further con- 
firmation of the correctness of the view, already expressed, con- 



STUDIES IN THE MALONIC ACID SERIES. 


1013 


corning the constitution of the compound formed from hydrazine 
and ethylic dicarboxyglutaconafce, namely, that it is ethylic pyrazo- 
lonecarboxylate. These experiments suffice to prove that the objec- 
tions raised by v. Rothenburg are unfounded ; a further discussion of 
his remarks appears to be unnecessary and undesirable. What is the 
relation of the result of the investigation recorded above to v. Rothen- 
burg’s pyrazolone? Y. Rothenburg has put this question (X pr. 
( 'hem., 1894, 50, 230) ; it is to be hoped that he will give a satisfac- 
tory answer. 

Gonville and Gains College, 

Cambridge. 


CIV . — Mercury Perchlorates . 

By Mascjmi Chikashig£, B.Sc. 

Having, at the suggestion of Dr. Divers, prepared mercuric and 
mercurous perchlorates, with the object of examining their behaviour 
■when heated, I found that their properties were not quite the same 
as those described by Serullas, and by Roscoe ( Proc . Boy. Sog., 1862, 
11, 502, and Liebig's Annalen, 1862, 121, 346). The earlier memoir, 
which appeared in 1830 (Ann. Chiin. PTiys., [2J, 45, 270), I have 
not seen, and my statements as to its contents are on the authority 
of the larger works on chemistry. 

Most of the hydrated perchloric acid, used in my experiments, 
was prepared, as Roscoe directs, by treating potassium chlorate with 
hydrofluosilicic acid, hut some of it by the more convenient process 
of precipitating barium chlorate with sulphuric acid. Although not 
mentioned by Roscoe, it is tolerably well known that the hydrated 
acid is slightly decomposed when it is distilled, becoming contaminated 
with chlorine and hydrochloric acid. I find, however, that the dis- 
tilled acid can he easily freed from these imparities by heating it foi* 
a short time in the air. 


Mercuric Perchlorate . 

Mercuric perchlorate is formed when mercuric oxide is triturated 
with aqueons perchloric acid until the solution begins to grow turbid 
from the presence of basic salt ; it is then filtered, preferably through 
asbestos, mixed with a few drops of perchloric acid, and concentrated 
at a gentle heat. Evaporation is then continued over sulphuric acid 
at the ordinary temperature until the salt crystallises. If necessary, 
it may bo recrystallised, dissolving it in a very little water. It is 
rot.. Lxvn. 3 T 



1014 


CHIKASHICrfi : ^lEROURY PERCHLORATES. 


quite stable, but needs some care to dry it, for it slowly effloresces 
in a desiccator, whilst in the air it very quickly deliquesces (Serullas), 
and a slight rise of temperature causes it to melt. Preserved for a 
day or two in bottles, however, its upper layers become dry by 
draining, and may then be quickly pressed between folds of paper. 

Mercuric perchlorate crystallises in slender rectangular prisms, as 
described by Serullas, but being exceedingly soluble in water, as well 
as very hygroscopic, its slender crystals rapidly liqnefy when exposed 
to the air. It reddens litmus (Serullas), but its freedom from acid 
can be shown by adding excess of sodium chloride to its solution, 
which renders it neutral. It shows a slight tendency to decompose 
with water, and in absence of any excess of acid, its solution deposits 
basic salt if evaporated by the aid of heat. Moreover, its slow efflor- 
escence in the desiccator is the result of loss of acid as well as of 
water; so that the effloresced salt leaves some insoluble basic salt 
when dissolved in water. 

Alcohol decomposes it still more easily. The effect of this agent 
has been described by Serullas. I find that alcohol at once decom- 
poses the crystals of the salt, leaving a white basic salt undissolved ^ 
this again is decomposed by water which leaves impure mercuric 
oxide. Alcohol, also, added to an aqueous solution of mercnric per- 
chlorate, gives an orange precipitate, mainly mercnric oxide. As 
to the formation of mercurous oxide or mercurous salt, which is 
mentioned in the handbooks as taking place on evaporating the 
mother liquor, that happens to a small extent only, and because 
mercnric salts are reduced by hot alcohol. 

Of the composition of mercuric perchlorate all that is known is 
that, on the anthority of Serullas, it is expressed by Ag^lO^ ; it 
passes for an anhydrous salt (Roscoe and Schorlemmer’s Treatise, 
Muir and Morley’s Watt's Dictionary, &c.). It is, however, a 
hydrated salt, with as much as 6H 2 0, which, though it can be 
readily removed from the salt by heat, cannot well be directly 
estimated, since perchloric acid is liberated along with it from the 
first. The composition of the salt was determined by precipitating 
the mercury as sulphide and obtaining the perchloric acid from the 
filtrate as its potassium salt, with the precautions given in Roscoe’s 
paper. The formation of a very little sulphuric acid in removing 
the excess of hydrogen sulphide, cannot be avoided, and this comes 
ont in the potassium perchlorate and, small as it is, has to he taken 
into account. In the second of the analyses here given, the mercury 
was precipitated by gaseous hydrogen sulphide without addition of 
acid ; in the first, it was precipitated by adding, at once, excess of 
hydrogen sulphide solution, and then 1 c.c of dilute sulphuric acid 
to aggregate the mercury sulphide. The total sulphuric acid having 
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been determined, the corresponding quantity of potassium sulphate 
was deducted from that of the potassium perchlorate and sulphate 
together. In consequence of what has just been stated, this pro- 
cedure introduced no complication, while the use of hydrochloric 
acid was precluded, as interfering with the determination of the per- 
chloric acid. The calculation is for Hg ( CIO4) 2 ,6H 2 0. 

Calc. I. II. 

Mercury 39*45 39*26 38*95 

Perchlorate radicle .... 39*25 38*90 38*82 

Water 21*30 — — 

Behaviour of Mercuric Perchlorate when Heated . — Mercuric per- 
chlorate, as dry as possible, melts at about 34° in dry air. Heated 
in a long, narrow tube, closed only at its lower end, the salt melts to a 
colourless liquid, which boils freely, without noticeable change, even 
in a bath of boiling sulphur. In reality it is decomposed, and at 
temperatures far below this, but since the products of its decom- 
position, which boil off, condense and flow down again, the salt is 
recovered when the tube is cooled. 

Even at the common temperature, as already mentioned, mercuric 
perchlorate very slowly decomposes in dry air, but in a current of 
dried air at 120°, the evolution of water and perchloric acid becomes 
manifest in the shape of white fumes. By raising the temperature 
gradually, and then maintaining it at 150° until the weight of the 
residue becomes constant, a homogeneous, and apparently definite 
compound is lefc. This compound, oxymercuric perchlorate , is white 
and amorphous ; it is not changed by the heat of boiling mercury, 
and only slowly affected by that of boiling sulphur. Heated to a 
point a little below that at which mercuric oxide freely decomposes, 
it is completely changed into oxygen and chlorine gases, sublimates 
of mercuric and mercurous chlorides, and a residue of mercuric oxide. 
By water it is decomposed into mercuric perchlorate and mercuric 
oxide, besides insignificant quantities only of chloride and chlorate. 
Tn a quantitative experiment, it was found to yield to water*, mercury 
12*64, and perchlorate radicle, 12*90 per cent, of the original weight 
of the salt heated. Therefore, water dissolves out normal mercnric per- 
chlorate, and, since 12*90 is almost exactly the third part of 39*25, 
the percentage amount of perchlorate radicle in the original salt, and 
the change effected by heat, may be formulated thus, 

3[Hg(C104)2,6H*0] = O*Hg*(ClO0* + 4HC10* 4- 16H a O, 

0 *Hg 8 (ClC>4)a expressing the composition of the oxymercuric per- 
chlorate. 


3 y 2 
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Mercurous Perchloi ate . 

Mercurous perchlorate can be very quickly prepared by violently 
shaking a solution of mercuric perchlorate with mercury for a few 
minutes, after which nothing but the mercurous salt will be found in 
the solution. Such a solution cannot be left for days, or heated long 
on a water bath, without some basic salt being deposited, but a con- 
centrated solution can be evaporated in a vacuum desiccator fast 
enough to avoid this. With rapid evaporation, the salt is obtained 
in fine needles, as described by Serullas ; these are flat, and, with 
slower evaporation, develop into flattened prisms or plates of con- 
siderable size. The salt is exceedingly soluble in water, and causes 
a sensible mil in temperature in dissolving, the solution being 
neutral to litmus ; with a large quantity of water, it is often decom- 
posed. Serullas found the salt to be unchanged by exposure to air, 
and must therefore have been working in very dry weather, for it is, 
as Roscoe states, very deliquescent, though less so than the mercuric 
salt. According to Roscoe, it does not lose water, either at 100°, or 
in a vacuum over sulphuric acid; but this is not really the case, 
although the loss of weight is slow enough to be easily overlooked ; 
when kept for about two weeks in a vacuum desiccator, the loss 
reaches nearly 6 per cent., and then ceases. This loss, though mainly 
that of water, inclndes also that of a little acid ; a loss of half its 
water would amount to 5*36 per cent, of its weight. At 100°, in a 
current of dry air, it loses about 2 per cent, of water in six hours, a 
mere trace of acid also escaping, as was proved by placing litmus paper 
in the issuing current of air: in another six hours, it loses about 
2 per cent, more in weight, including now a notable amount of acid. 

As already stated, the salt is gradually decomposed by water; and 
when the white, basic salt thus produced is washed with water, it 
becomes black from loss of acid. Alcohol decomposes the solid salt 
into soluble acid salt and white basic salt, which is also blackened by 
washing with water, but not by alcohol. Alcohol added to an 
aqueous solution of the salt has no immediate effect. 

In analysing the salt, the perchloric acid was determined in the 
same way as in the case of the mercuric salt, after removal of the- 
mercury as sulphide, whilst the mercury was estimated in a separate 
portion of the salt by precipitation as mercurous chloride. The com- 
position of the salt has been given by Roscoe as (HgC10 4 ) 2 ,6H 2 0, 
he having found the mercury to be 56*60 per cent, as required by that 
formula. I have assured myself, however, by examining different 
preparations, that the crystals I obtained only contained 4 mols. 
water when not visibly moist, the formula being (HgCl0 4 ) s ,4H 2 0. 
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Calc I. n. HI. 3 V. 

Mercury 59*61 59*00 58*90 — — 

Perchlorate radicle 29*66 — — 29*60 29*50 

Water 10*73 — — — — 

It might seem from our respective results that we had examined 
different hydrates, hut in the several preparations I made of the salt, 
1 never met with but one form of crystal which, with rapid evapora- 
tion in the vacuum desiccator, was that of fine needles, as described 
by Serullas and as got by Boscoe presumably, for he makes no men- 
tion at all of the form of his crystals. By somewhat slower evapora- 
tion in the desiccator, much larger crystals were obtained, and these 
were found to be pi*eferable for analysis as they were more easily 
freed from mother liquor. Por analysis, however, I used the fine 
needles as well as the plates. Of the three samples analysed, marked 
above II, III, IV, one consisted of fine needles that had formed the 
first crop, whilst the other two were larger crystals of the second crop 
from the same preparation ; sample I was another preparation, if 
Roscoe’s salt were a higher hydrate than that I obtained, it could not 
have been heated at 100°, even for a short time, or exposed to the 
dry air of a desiccator without loss, as he found it to do. 

Behai hour of Mercurous Perchlorate when Heated. — Mercurous per- 
chlorate, unlike the mercuric salt, has no melting point. Quickly 
raised to about 190°, the salt becomes partly liquid for a short time, 
but only from the presence of unvolatilised acid along with basic 
salt ; when gradually heated, the salt does not show even this false 
fusion. At 100°, tlue crystals of the salt decrepitate; but it loses 
acid only very slowly at this temperature, and is still completely 
soluble in a little water, even after two or three hours' heating in an 
open tube. At about 150°, the crystals slowly intumesce and become 
opaque, basic salt being formed and also a little mercuric salt and a 
trace of chloride. Heated at 170° for some hours, its decomposition 
goos further ; more mercuric salt is formed and a good quantity of 
chloride, as well as some chlorate (detected by decomposing with 
hydrochloric acid), whilst at 200° white fumes escape containing 
mercuric chloride. The more the salt is heated, the more basic it 
becomes, the redder and the larger is the residue left on treating it 
with water, and the less mercurous nitrate this residue yields when 
dissolved in nitric acid. Heated to 357° it suffers no further change, 
but at 444° decomposes slowly. The products are then the same as 
those found on heating the residue from the mercuric salt, but only 
very little free chlorine can be detected ; metallic mercury does not 
occur among the products. 

College of Science, 

Imperial University , Japan. 
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CV. — a-Ethylene-Dihyih'oxylamhte Diliydrobromide. 

By 0. M. Lu\moorl, D.Sc. 

SnERAL interesting substituted hydroxylamines having been recently 
obtained by the interaction ot hydroxy lamine and alkyl iodides, I 
have, at Professor Dunstan’s suggestion, endeavoured fco obtain deriva- 
tives containing two hydroxy lamine residues in the molecule. J. have 
only succeeded so far in preparing one such compound, but as the 
work has been interrupted, it seemed desirable to communicate to the 
Society the results obtained. 

Ethylenic bromide does not react with hydroxylamme hydrochloride 
when the two are heated in alcoholic solution at 110 — 115°, but if a 
solution of hydroxylamine, obtained by adding to a solution of the 
hydrochloride in methylic alcohol slightly less than the calculated 
quantity of sodium methoxide, is heated with ethylenic bromide at 
95 — 100°, for a conple of hours, and the alcohol then distilled off, a 
white crystalline residue is left, which can be purified by recrystalli- 
sation from alcohol and ether. This substance is soluble in water 
and in alcohol, but insoluble in ether. When heated, it does not melt 
below 250°, and above that temperature it darkens and chars. 

A bromine determination gave the following data. 

0*2422 gave 0*3608 AgBr. Br = 63*3. 

C 2 H 10 1^2O^Br2 requires Br = 63 per cent. 

The substance is therefore formed according to the equation 
CoEUBro *+* 2hTHjO — CsH^NE^iOjIIBr)?. 

To determine its constitution, the compound was reduced by boiling 
it with fuming hydriodic acid, and the base formed was liberated and 
distilled into aqueous hydrochloric acid; the hydrochloride thus 
obtained was converted into the platinochloride, and two separate 
fractions of the latter were ignited. 

0*3872 gave 0*1706 Pt. Pt = 44*1. 

0*0359 „ 0*0157 Pt. Pt = 43*7. 

Ammonium platinochloride requires Pt = 43 9 per cent. 

As ammonia was the only nitrogenous product of reduction, it 
follows that both the nitrogen atoms in the original base are linked 
to carbon by oxygen, and the constitution of the compound will be 
represented by the formula 

CHa'O-NBvHBr (aa-ethylenedihydroxylamine or 
CHa'0*M[a*HBr ethylenedioxylamine dihydrobromide) . 

If free hydroxylamine had the structure BUST*0H, it would seem 
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more likely that it wo aid react with ethylenic bromide according to 
the equation 

OH*Br , NJ3VOH _ CH 2 <BrH(OH),HBr 
CHJBr NH 2 -OH CH 2 -im(OH),HBr’ 

yielding a /J-hydroxylamine. The formation of this a-componnd 
may therefore he regarded as additional evidence for regarding 
hydroxylamine in the free condition as possessing the structure B^KO, 
or at any rate acting tautomerically in the sense of that formula. 

Ethylenic oxide, heated with a solution of hydroxylamine in methylie 
alcohol, also combines with it. The free base was not isolated, but 
by adding hydrochloric acid and evaporating, a hydrochloride was 
obtained, which appeared to behave in exactly the same manner as 
the kydrobromide obtained from ethylenic bi‘omide. It was not, 
how ever, further examined. 

Both the product from ethylenic oxide and that from ethylenic 
bromide, reduced Fehling’s solution, even after purification. This 
may, however, have been due to a minute trace of hydroxylamine still 
present. 

Ethylene, phosgene gas, and chloroform were each dissolved in a 
solution of hydroxylamine in methylie alcohol, and heated in a 
sealed tube at 100 — 120°, but no action occurred in any case. 

Research Laboratory , 

Pharmaceutical Society , London . 


CVL — Alleged Isomerism of Potassium Nitrososulphate* 

By 0. M. Ltjxmoobe, D.Sc. 

Basciiig described (Annalen 9 1887, 241, 230) as M potassium nitro- 
sulphite ” a substance obtained by the action of nitric oxide on alkaline 
solution of potassium sulphite which gave with barium chloride a 
white precipitate of a barium salt soluble in hydrochloric acid, the 
clear solution soon becoming turbid through the gradual separation of 
barium sulphate. Ho mentioned in a footnote that on one occasion 
he obtained a nitrosulphite (= nitrososulphate) which gave scarcely 
any precipitate with barium chloride, but at once yielded a copious 
precipitate of barium sulphate on acidification. He suggested that 
the latter was an isomeride of the former which he evidently assumed 
to be identical with the nitrososulphate discovered by Davy and 
investigated by Pelouze (Ann. Qhim. Phys., 1835, [2], 60, 151)* That 
this assumption was correct appears to be taken for granted by 
liantzsch, who has recently re-investigated the subject (Ber., 1894, 27, 
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3264) . He was only able to obtain the latter of tbe two salts described 
by Raschig, but, as be found tbab its properties differed in some re- 
spects from those recorded by Pelouze, he concluded that the substance 
he obtained was isomeric with the Davy-Pelouze salt. Divers and Haga 
have also (this vol., 452) unsuccessfully endeavoured to obtain an 
isoTneride of potassium nitrososulphate ; and they maintain that no 
sufficient grounds exist for doubting the identity of the substance 
obtained by Hantz&ch and themselves (Raschig’s second salt) with the 
salt of Davy and Pelouze. 

With a view to determining whether potassium nitrososulphate 
does exist in two isomeric forms, I have prepared it nnder various 
conditions, and have studied its properties in the light of those 
observations of Hantzseh which seem to show a difference between 
the salt he obtained and that described by Pelouze. 

Most of my preparations have been obtained by the action of nitric 
oxide on potassium sulphite. The absorption has taken place (1) in 
a freezing mixture, (2) at the temperature of melting ice, (3) at the 
ordinary temperature, (4) commencing at about 40° 0. The alkalinity 
of the potassium sulphite solution has also been very different in 
different cases, and the time of absorption of nitric oxide has varied 
from two oi three hours to three days. In most cases, the bulk of the 
potassium nitrososulphate has been deposited in crystals during the 
absorption of nitric oxide. As the specimens thus obtained under 
most varied conditions appeared to he absolutely identical, careful 
search for any different products was made in the mother liquors, 
especially in two cases. Small further quantities of potassium 
nitrososulphate were thus obtained in an impure condition, but no 
substance behaving as Raschig’s first salt did towards barium chlo- 
ride could be detected. 

I also prepared potassium nitrososulphate by the simultaneous 
absorption of nitric oxide and sulphur dioxide by potassium hydroxide 
solution (Pelouze, Inc. e?7.), thinking it possible that this method might 
yield an isomeride, if such existed. The product obtained was, how- 
ever, identical with that yielded by the action of nitric oxide on 
potassium sulphite. 

In the examination of the properties of potassium nitrososulphate 
(especially its behaviour on dry heating) described below, most of the 
experiments were repeated with specimens obtained under different 
conditions. As an additional evidence of identity, I prepared from 
several (inclusive of that obtained by the simultaneous ab&orption of 
nitric oxide and sulphur dioxide by potassium hydroxide) the silver 
salt, KAgSN 2 0 5 , described by Hantzseh ( loc . cit., p. 3272), which in 
each case behaved in the characteristic way that he describes ; on 
touching it at one spot with a hot platinum wire, decomposition, 
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accompanied by superficial brown coloration, proceeds throughout the 
whole mass, and tlie evolution of nitric oxide is evidenced by copious 
red fumes. 

One of the principal points in which Hantzsch found a discrepancy 
between the properties of potassium nitrososulphate as obtained by 
him and as described by Pelouze, consisted in its behaviour on dry 
heating. Pelouze states that, subjected to a heat of 110° to 11 o z , 
it neither decomposes nor loses weight. At rather a higher tem- 
perature (about 130°), it is destroyed, evolving nitric oxide and 
leaving a residue of potassium sulphite. Hantzsch, on the contrary, 
found that it was slowly but completely decomposed at 95° into 
nitrous oxide and potassium sulphate, whilst if very suddenly heated 
from 20 to 26 per cent, was decomposed into nitric oxide and sulphite. 
Divers and Haga also found that it lost 10 per cent, of its weight at 
95° in 2i hours when heated in dried hydrogen, and needed 12 hours 
heating at that temperature to complete the decomposition. They 
say : “ Thus the loss of weight is slow and if a higher temperature 
(107°) mistaken for 110°, had been maintained for only a few minutes, 
it would have had so small an effect as probably to have deceived 
Pelouze.” I find, however, that the loss of weight is much more 
rapid at first, as on gently heating (below 105°), the loss of weight in 
15 minutes was 4 per cent., and in two other experiments in five and 
seven minutes the loss was and 3 per cent, respectively. It there- 
fore seems impossible to explain how Pelouze could have arrived 
at the conclusion that the potassium salt does not lose weight at 
110 — 115°. But tlie remainder of his statement quoted above exactly 
describes the phenomena as observed when one heats the substance 
in a test-tube in a &tdphuric acid bath and notes the temperature by a 
thermometer with its bulb embedded in the salt; so long as the 
temperature of the substance lies below about 130 c , no evidence of 
change is apparent, the decomposition into nitrous oxide proceeds 
imperceptibly, and the salt is perfectly quiescent. At a somewhat 
higher temperature a sudden, almost explosive, evolution of gas takes 
place, the temperature rises quickly, sometimes as high as 180°, and 
the test-tube becomes filled with red fumes from the nitric oxide 
evolved. As Divers has noticed, it is difficult to fix the explosive 
temperature; if the salt is heated up quickly, the thermometer has 
not time to acquire the true temperature, whilst if the heating is 
slow the explosive temperature is really that of a mixture containing 
much sulphate because of the considerable extent to which the 
nitrous oxide decomposition has proceeded before explosion. The 
temperatures I observed varied from 127° to 148° (Divers gives 
91 — 108°, see below) ; probably the true temperature lies near 134°. 

As Hantzsch and Divers and Haga have shown, the residue after 
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explosion is a mixture of sulphate and sulphite. The residues I have 
obtained after explosion in a test-tube in the manner described have, 
in several cases, had the sulphite contained in them determined by 
titration of the dilute acidified solution with iodine. The results 
showed that from 14 to 22 per cent, of the nitrososulphate had de- 
composed into nitric oxide and potassium sulphite. By projecting 
the salt into a red-hot pla tinum crucible. I obtained in one case 
figures showing that 28 per cent, of the salt had decomposed in this 
way. It is evident that when Pelouze described the salt as decom- 
posing into nitric oxide and sulphite, he based this on the manifest 
evolution of the formei* and the qualitative detection of the latter. 
He makes no mention whatever of any quantitative experiments on 
the subject. 

When potassium nitrososulphate is heated in a test-tube as described 
above, its temperature is often observed to be considerably above that 
of the bath in which the test-tube is submerged ; for instance, the 
temperature of the hath has been 117° wbeu the salt has explode 1 
at 130°. 

Divers and Haga speak of the decomposition as an exothermic 
one, but they do not make it plain whether they refer to the gradual 
decomposition into nitrous oxide and sulphate, or only to the decom- 
position into nitric oxide and sulphite. They say, “ When the salt 
does suddenly decompose, there is a marked rise of temperature, and 
this may have caused Pelouze to name 130° as the decomposition 
point.” And they speak of the salt exploding at 91°, and again as 
reaching 108° before it exploded, but they <lo not state whether this 
refers to the temperature of the salt itself, or of the hath used as a 
source of heat. As a matter of fact, the gentle decomposition below 
130“ is accompanied by a considerable evolution of heat, which raises 
the temperature of the salt to the explosion point, and the further 
decomposition which then occurs is accompanied by a further rise of 
temperature. But whether this is due to the decomposition into 
nitric oxide is doubtful. If we reckon that in such an experiment 
one quarter of the salt has decomposed into nitrons oxide and sul- 
phate before the explosion temperature is reached, we may take it 
that as only about one-quarter is converted into nitric oxide and sul- 
phite, about one-balf (more rather than less) undergoes the nitrons 
oxide decomposition at the moment of explosion ; that is to say, of the 
nitrososulphate undecomposed at the moment of explosion, one-third 
only (rather less) yields nitric oxide and sulphite. This agrees with 
the fact that in the most sudden heating possible, the amount decom- 
posed into nitric oxide and sulphite is always less than one-third.* 

* The maxima recorded are Hantzsch, 26 per cent. ; Divers and Haga, 29 per 
cent. ; Luxznoore, 28 per cent. 
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It seems likely, therefore, that the heat or chemical energy supplied 
by the decomposition into nitrons oxide and sulphate is that which 
makes possible the other decomposition into nitric oxide and sul- 
phite. 

Another point of difference between Pelouze’s and Hantzscli’s 
observations lies in the stability of potassium nitrososulphate in 
aqueous solution. Pelouze, comparing it with the ammonium salt, 
snys that one can even employ boiling water as a means of purifica- 
tion of this salt, it is only thus decomposed to a slight extent, and 
by washing with venj cold water the crystals deposited, they can easily 
be freed from potassium sulphate. Hantzsch finds it to be readily 
decomposed in pure aqueous solution, even on gentle warming, but to 
be more stable in alkaline solution. This, however, as Divers and 
Hag a observe, is entirely a matter of degree. Pelouze’s salt was 
evidently not perfectly free from alkali and alkali carbonate, as is 
evident from its behaviour towards barium chloride (see below). 
Moreover, the sentence quoted above shows that he did observe some 
decomposition, as he not only speaks of freeing the crystals from 
potassium sulphate, but also mentions the need of using very cold 
water to avoid further decomposition. Repeating the experiment of 
Divers and Haga, I found that by adding to boiling water a drop or 
two of caustic potash, and then dissolving the nitrososulphate therein, 
and cooling down, about one-third could be recovered iu a pure con- 
dition. Tho mother liquor contained some sulphate, but also 
unchanged nitrososulphate. 

In regard to the behaviour of potassium nitrososulphate to barium 
chloride, Pelouze says (loc, cit.), “If, after adding a salt of baryta to 
the liquid, one collects the precipitate which is formed, washes it 
several times with aqueous potash, and then treats it with nitric acid, 
it dissolves completely, and one can thus be assured that no sulphate 
has been formed.” As Divers and Haga have pointed out, the con- 
text shows that this precipitate iB evidently due to impurities 
(probably carbonate, possibly sulphite). Tt cannot be suoh a barium 
salt as Rasohig describes as obtained from his first salt, for Pelouze 
simply says it dissolves completely, and makes no mention of the 
clear solution afterwards depositing barium sulphate. Moreover, he 
lays stress on washing the precipitate, evidently to free it from 
barium nitrososulphate, which would else be instantly converted into 
sulphate on the addition of acid. Raschig’s precipitate, on the other 
hand, is dissolved by acid without previous filtration. Pelouze, more- 
over, distinctly states that nitrososulphates are not precipitated by 
baryta water. Hone of the pure specimens of potassium nitroso- 
sulphate that I have prepared gave an immediate precipitate with 
barium chloride in the cold. Barium sulphate appears very quickly 
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if the solution is not kept very cold, and almost instantaneously at 
20° ; on acidification, also, the precipitation of barium sulphate takes 
place immediately. Potassium nitrososulphate commences to decom- 
pose so readily that specimens only a day old frequently give a distinct 
opalescence -with barium chloride* 

In no case have I obtained any product from the action of nitric oxide 
on potassium sulphite shoeing the behaviour towards barium chloride 
that characterised Rasehig’s first salt. This behaviour is sufficient 
to show that it was not the Davy-Pelouze salt that Easchig obtained. 
Indeed be mentions no property by which it conld be identified with 
the latter. In particnlar, the decomposition into nitric oxide and 
potassium sulphite (on which Hantzsch lays stress as distinguishing 
Peloaze’s salt from his own preparation) is not mentioned by Easchig. 
It is impossible at present to say what Raschig’s first salt was, but as 
he only determined the potassium and sulphur, and the figures 
obtained might have been yielded, as Divers andHaga have shown, by 
potassium dibydroxylamine sulpbonate, there is no sufficient ground 
for believing it to have had the composition of potassium nitroso- 
sulphate, especially as no one has since succeeded in obtaining it 
from nitric oxide and potassium sulphite. 

It has therefore been shown 

(I.) That potassium nitrososulphate always has the same properties, 
under whatever conditions it is formed. 

(2.) That Pelouze’s account of the properties of this salt can be 
completely reconciled with the observations of Hantzsch, and of 
Divers and Haga, except the statement that it loses no weight at 11CP, 
which is evidently a mistake. 

(3.) That there is no evidence sufficient to warrant Raschig’s first 
salt being regarded as isomeric with potassium nitrososulphate, still 
less as identical with the Davy-Pelouze salt. 

Research Laboratory , 

Pharmaceutical Society , London. 


OVII . — On the Freezing Points of Gold and Silver , 

By C. T. Heycock and F. JEL Neville. 

Tb e recent paper by M. Le Chatelier , Si On Certain Melting and Boil- 
ing Points ” ( Compt . rend ., 1895, 121, 323), of which an abstract has 
been published by the Physical Society, calls attention to the dis- 
crepancies which exist between the various determinations of the 
melting points of gold and silver. We are obliged to differ from 
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some of his conclusions with regard to those melting points, and pro- 
pose in the present paper to give our reasons for doing so. 

M. Le Chatelier speaks of “ melting points ” while we use the term 
“ freezing point,’* buti that this difference in nomenclature does not 
correspond to a real difference in temperature has been proved to ns 
by the result of numerous experiments on the melting and freezing 
points of copper, gold, silver, and antimony, for when the metals are 
pure, the melting and freezing points are identical. 

To take the case of gold first, we see that M. Le Chatelier, in a 
table of recently determined melting points of this metal, groups 
together the value 1037° given by Professor Caliendar (Phil. Mag., 
33, 222) and our determination 1061*7° (this vol., p. 189), from which 
it might be inferred that the discrepancy indicates the sort of error 
no which the method of platinum-resistance pyrometry is liable. He, 
however, takes no notice of the fact that Callendar’s was a pioneer 
determination, undertaken in order to demonstrate the capabilities of 
his pyrometers, and that Caliendar, in deducing from his experi- 
mental result the number 1037°, did not rigidly follow the method of 
calibiation which was afterwards developed by Griffiths and himself 
and which we have always adhered to. That method requires that 
the resistance of the pyrometer should be determined at three 
standard temperatures, which must be accuz^ately known on the air 
scale. In addition to ice and steam, we use the boiling point of 
sulphur (444*53°), while Caliendar, in the work quoted by Le 
Chatelier, used for his third temperature the melting point of silver, 
assuming it, from Becquerel and Devilled experiments, to bo 945°. 
Hence onr results and Callendar’s are not comparable ; but Callendar’s 
jit* for gold, 902*3°, is only three or four degrees lower than ours, 
and the same is true for the pt 830°, which he finds for silver. In 
fact, if we use 960*7° 0., the number obtained by us for the melting 
point of silver, instead of 945° C-, and combine it according to 
Caliendar’ s method with his platinum temperature of 90*2*3°, we obtain 
from his experiments the number 1060*8° 0. as the melting point 
of gold. This is in very good agreement with our value 1061*7° C. 
We infer from this that there is no inconsistency between Callendar’s 
results and our own, and that if Caliendar had standardised his ther- 
mometer on the boiling point of sulphur, his Centigrade temperatures 
for the melting points of gold and silver would have been extremely 
near our own. We do not advance the above as an argument that 
our numbers are necessarily correct, but that the method does not 
give results which are inconsistent among themselves. We are, of 
course, aware that the melting points of gold, silver, and copper 
which wo have found, are arrived at by a somewhat extreme use of 
* For that is platinum temporal uro, see this vol, p. 161. 
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an extrapolation formula, and we look forward with much interest to 
the direct determination of those constants by means of an air ther- 
mometer. Meanwhile the fair agreement of our numbers with those 
of Holbom and Wien, and the fact that M. Le Ohatelior himself is 
now willing to adopt 1060° for the melting point of gold, afford con- 
siderable evidence that the extrapolation formula proposed by 
Callendar will bear the strain we have put upon it. This has been a 
surprise to ourselves, for we should have expected the formula to 
give numbers which were lower than the standard ones, and we still 
think it possible that the true melting points on the air scale will 
turn out to be somewhat higher than the numbers we have given. 

Passing now to the melting point of silver, we cannot at present 
agree with M. Le Chateiier as to the action of gases on the molten 
metal. In the Zeit. physikah Chem 1891, 8, 186, he states that the 
melting peint of silver can be lowered as much as 30° through the 
absorption of hydrogen, and in the Compt. rend . ( loc . cit.) he says 
that this melting point should be determined in an oxidising atmo- 
sphere “ on account of the important modification experienced by 
the melting point in a reducing atmosphere.” Since these conclu- 
sions are opposed to the previous work of Callendar and to onr own 
results obtained in 1894, we have felt it necessary to make some 
further experiments, and we wish to lay the results before the 
Society. 

The silver was melted in a small Fletcher blast furnace, and the 
temperature of freezing was determined by means of a platinum- 
resistance pyrometer of the Callendar-Grriffifchs type. Two thermo- 
meters were used, one for the series of experiments given in Table I, 
the other for the series of Table IT. They were calibrated according 
to the method described by ns (this vol., p. 160). The crucibles, 
10 cm. deep and 3 cm. wide, were so arranged that no furnace gases 
could reach the metul except by diffusion through the walls of the 
crucible. When we wished to expose the metal to the action of a gas, 
a current of this gas was led into the crucible through a clay-pipe 
stem which sometimes ended immediately above the surface of the 
metal, and was at other times plunged to the bottom of the crucible, 
so that the gas babbled through the molten metal. The mouth of the 
crucible was closed by asbestos screens in order to prevent too rapid 
loss of heat by radiation, and to minimise the diffusion of air. 

In the series of experiments given in Table I, the silver, weighing 
290 grams, was contained in a salamander (plumbago and day) 
crucible. In this series, the weight of silver was perhaps too 
and therefore the immersion of the pyrometer was insufficient to 
give standard numbers with so rapid a rate of cooling ; but experi- 
ments 5 to 11, in which hydrogen was used, only differ by 1*6 from 
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960*7, which, for the present we regard as our standard number. In 
the tables, we give the time at which the freezing took place, and this 
column shows how long the different gases were allowed to act, for 
when a change in the atmosphere was made, it was generally imme- 
diately after a reading. 


Table I . — Freezing Point of Silver in Plumbago Crucible . 



| p.m. 

Coal gas on surface. No spitting 1 4.0 958 *71 1 — 

Air. Spitting observed 2 4.15 957*84 | —0*87 

„ Violent spitting 3 4.30 956*10 , —2*61 

Hydrogen. Slow current over surface. . 4 4.35 936*36 - 2*35 

Strong „ „ 5 4.45 959*11 +0*40 

„ „ „ „ 6 4.50 959*11 +0*40 

„ Forced through the metal .1 7 5.0 959 *11 + 0 *40 

„ „ „ „ 8 , 5.7 959*11 +0*40 

„ Forced through the metal | 

and carbon stirrer 9 5.15 959*14 + 0*43 

Hydrogen. Forced through the metal ' 

and carbon stirrer I 10 5.22 959*14 + 0*13 

Hydrogen replaced by carbon dioxide . . j 11 5.30 959 *13 + 0 *42 

„ „ „ * -I 12 5.45 (958 *86* +0*14) 

In the above series, the plumbago walls of the crucible prevented 
diffusion of oxygen, and also minimised the action of the air on the 
surface of the metal in experiments 2 and 3. 

Experiments 4 to 10 show that whether the hydrogen is absorbed 
by the silver, as M. Le Chatelier thinks, or merely sweeps out the 
oxygen, as we are disposed to believe, it in either case raises and does 
not Imer the freezing point. The fact that experiments 7 and 8, in 
which the hydrogen was bubbled through the molten silver, give the 
same freezing point as experiment 6, shows that absorption, if it 
exists, is slight, and the result of experiment 11, in which carbon 
dioxide was passed into the crucible instead of hydrogen, is to our 
minds conclusive against the view that hydrogen has any other effect 
than that of protecting the metal against oxygen. It may be said 
that even in experiment 1 the silver was saturated with hydrogen, 
hut if so, the first action of the air in experiment 2 should, have 
been to raise the freezing point, unless we assume that oxygen and 
hydrogen can exist together in solution in molten silver. 

The series of Table II differs from the previous one, in the larger 

* This was not the freezing point observed, but a lower, very steady, temperature. 
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get in air or an ordinary oxidising atmosphere. This value is Violle’s 
value, 5° or 6° below our standard of 960*7°. Experiments 3 to 8 
show the value we are likely to get under the most favourable condi- 
tions for the absorption of oxygen ; we believe the freezing point of 
silver saturated with oxygen will prove to be near 940°. 

Experiments 9 to 16 show the current of nitrogen sweeping out 
the oxygen and gradually raising the freezing point ; but it does not 
look as if the action of the nitrogen, even if prolonged, would have 
raised the freezing point up to the hydrogen value. This may be due 
to the nitrogen being unable to expel all the oxygen, to the continual 
entry of oxygen through the walls of the crucible, or to the nitrogen 
being itself somewhat soluble, and so producing a specific lowering 
of the freezing point. Experiments 16 to 18 show how perfectly 
hydrogen, even without the presence of carbon, brings the freezing 
point up to its standard maximum value of about 9 60 ’5°. This is 
almost exactly the mean of the results we obtained using coal gas 
and a carbon crucible (this vol., p. 188). 

These results appear to us to prove that the freezing point of silver 
is highest and most constant in a reducing atmosphere, and that 
hydrogen, coal gas, or carbon together with carbon dioxide, are 
equally effective. This fact, without explanation, is sufficient to 
establish the value of the freezing point of silver as a standard tem- 
perature. 

We think the above-mentioned experiments offer many grounds for 
the view that these reducing agents act simply as removers of oxygen, 
and have no effect of their own on the silver, but the most conclusive 
proof of this lies iu the behaviour of pure silver when freezing or 
melting in a reducing atmosphere. Under this condition there is no 
trace of spitting, and from the moment when solid begins to form to the 
moment of complete solidification the temperature is constant instead 
of slowly falling, as would be the case were there anything in solu- 
tion. Moreover, the melting point is the same as the freezing point. 
These are characteristics of a pure substance ; they are not noticed 
when the silver is in an oxidising atmosphere, but they are noticed 
when it is in a reducing atmosphere. 

We do not see how to reconcile onr results with those of M. lie 
Chatelier, but it has occnrred to us that possibly the wires of his 
thermo-couple may be affected by reducing gases such as carbon 
monoxide and hydrogen. The paper in the Qonyptes rendus does nob 
contain the details of M. Le Chatelier’s experiments, and therefore we 
cannot say whether this contingency is excluded by the arrangement 
of his apparatus. 

It would not be very difficult to determine the freezing point in a 
vacuum, and thns settle the question, 
von. lxvii. 3 z 
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CVIIL— The Action of certain Acidic Oxichs on Salts of 
Hydroxy Acids . Part II. 

By George G-. Hexdersox, D.Sc., M.A., and David PntNUUF. 

In a former communication to the Society (this voL, 102), it was 
shown by one of ns that arsenions oxide reacts with primary 
alkali tartrates to form compounds of the same type as tartar 
emetic, and that those xnay be regarded as derivatives of tartr- 
arsenions acid, H 0 'As(C 4 H 6 0 6 ) 3 . It was also stated that both 
antimonions and arsenions oxides appeared to form compounds with 
other hydroxy-acids, but not with acids which contain no alcoholic 
hydroxyl group. The present paper gives the results obtained bj 
acting with those oxides on salts of citric, malic, lactic, and mucic 
acids, these having been selected as readily accessible acids contain- 
ing different numbers of hydroxyl and carboxyl groups. 

Antimonious Oxide and Primary Citrate ft. 

Antimonions oxide, when added in small quantities at a time to n 
boiling aqueous solution of primary potassium citrate, dissolved 
fairly readily until the saturation point was reached ; it was found 
that about 6 mols. of the citrate dissolved 1 mol. of the oxide. 
Excess of oxide was added, and after tlie boiling had been continued 
for some time, the solution was filtered, concentrated on the water bath, 
cooled, and mixed with about three times its volume of alcohol ; the 
white, amorphous precipitate thus produced became crystalline after 
standing for some hoars in contact with the liquid, and the crystals, 
after being washed with alcohol and dried in the air, were found to 
contain 18 per cent, of antimony. The salt was then reerystallised 
from hot dilute alcohol and analysed. 




Calculated for 

Calculated for 


Found. 

abOE-,(0 8 H a 0 7 ) Sl 2H,0. 

SbK»(0«H,O r ) 1) 2H s O. 

K .... 

17-88 

17-48 

17-97 

Sb.... 

18-38 

1793 

18-43 

HjjO . • • 

5-28 

5-38 

5-52 


The antimony in this and also in the other salts described below, 
was estimated by titration with standard, iodine solution ; the water of 
crystallisation in this salt was determined by heating at 125°, as 
apparently the whole was not expelled at lower temperatures. 

The potassium salt thus obtained crystallises in small, colourless 
needles, readily soluble in cold water and fairly soluble in dilute 
alcohol. From a cold concentrated aqueous solution, it separates as 
a colourless syrup, which crystallises after a long time; from a hot 
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solution, it usually separates in the crystalline state. Apparently it is 
not decomposed by heat below 140 — 145°, but at> this temperature it 
begins to turn brown, and at 160° it blackens. An aqueous solution 
of the salt is strongly acid to litmus, but the addition of caustic 
alkalis causes immediate decomposition and precipitation of anti- 
monxous oxide; mineral acids have a similar effect. Experiment 
showed that 3 mols. KOH were required to neutralise 1 mol. of the 
salt, and that the whole of the antimony was then precipitated. 

Several attempts were made to prepare salts containing propor- 
tions of potassium different from the above, but in each case without 
success. Thus, for example, secondary potassium citrate gave the 
same compound as the primary salt. 

Thaulow (Aimalen, 1838, 27, 334) describes the preparation of a 
“ doable citrate of antimony and potash,” to which he gave the 
formula (using modern notation) SbC 8 H B 0 7 ,KsCeH 507 , 2 |H 20 . The 
compound which we obtained is undoubtedly identical with this salt. 

The corresponding sodium salt was prepared in the same way as 
the potassium salt, and was purified by recrystallisation from hot 
dilute alcohol, from which it separates as a powder consisting of 
minute needles. 

Calculated for Calculated for 

Found. SbONa*(C 6 H 0 O 7 ) 2 ,HA 

Sb . . . . 19*97 19-90 20*51 

H 3 0... 3*58 2*98 3*07 

The water was determined at 105°. 

The ammonium salt was prepared similarly. It crystallises better 
than the others, separating from hot dilute alcohol in shining, colour- 
less prisms. 

Calculated for Calculated for 

Found. Sb0CNH 4 ) 3 (C 6 H 6 0 7 ) 2l HP- Sb(NH J ) 5 (C 6 H»0 ? ) 1 ,H J 0. 

Sb.... 20-20 20*40 21*05 

H 2 0. . . 3*03 3*06 3*15 

The water was determined by exposure in a vacuum over sulphuric 
acid. 

Both the sodium and ammonium salts closely resemble the potas- 
sium salt as regards solubility, reaction of solution, and behaviour 
towards alkalis and acids, but the ammonium salt is less stable than 
the others. When heated, it begins to decompose at 105°, and is 
completely charreu at 120°. 

The barium salt was obtained by precipitation. When aqueous 
solutions of barium chloride and of the potassium salt are mixed, no 
visible action occurs, even when highly concentrated solutions are 
employed ; bnt if the mixture is left for several hours, or is heated on 
a water bath for a short time, a white precipitate slowly separates ; 

3 z 2 
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it usually appears amorphous, but is crystalline when very slowly 
formed. To purify the salt, it is dissolved in water, from which it 
separates as a white powder when the solution is left to o vaporai e 
spontaneously. It is only very sparingly soluble in cold, but fairly 
soluble in hot water. If an aqueous solution is concentrated too far 
on the water bath, the salt decomposes and antimonious oxide is 
precipitated. 

Analysis of the salt showed, as might be expected from the way in 
which it is formed, that its composition is not identical with that of 
the potassium salt. 



Found. 

Calculated for 
SbOBa^CfiHgO-) ^ ,10BC ^O. 

Calculated for 
SbBa,(C b H,0 7 ) ,,1011,0. 
32‘IJ) 

fifll . a . • 

31-03 

31-71 

Sb • a . a 

9-29 

9*25 

9-39 

HjO ... 

13-84 

13*88 

14-08 


What appears to be another barium compound is obtained under 
different conditions. If the calculated quantity of barium acetate is 
added to a solution of the potassium salt, the barium compound just 
described is formed in the same way as when barium chloride is 
used, but if barium acetate is added in considerable excess a white 
precipitate comes down at once ; this contains only 6*5 per cent, of 
antimony, and is fairly soluble in cold water. When a cold solution 
of it is heated to about 60°, a white precipitate separates which 
redissolvos when the solution is heated to boiling; possibly this 
substance is a double salt, but we did not succeed in getting it satis- 
factorily purified, for it decomposes, if its solution is concentrated or 
even when left to evaporate spontaneously. 

Tlie addition of silver nitrate to an aqueous solution of the potas- 
sium salt produces a white, flocculent precipitate which, when dry, 
forms a white powder ; it is probably a mixture, for it contains 44*25 
per cent, of silver and 5*7 per cent, of antimony, a composition which 
does not agree with any simple formula corresponding to those of the 
other salts. It is quite insoluble in water, but dissolves in hot nitric 
acid, and when hydrochloric acid is added to the solution a white pre- 
cipitate is formed which dissolves completely in excess of hydro- 
chloric acid. If it is suspended in water and a 10 per cent, solution 
of ammonia added drop by drop with constant agitation, it dissolves 
completely, and the solution, when warmed, gives a deposit of 
metallic silver. If the silver compound is created directly with 
excess of 10 per cent, ammonia, it is almost at once decomposed, siher 
separating out. 

A compound, which may he regarded as the free acid corre- 
sponding with the salts described above, was prepared from tJio 
barium salt ; this was suspended in water, and rather less than the 
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calculated quantity of dilute sulphuric acid added very gradually 
with continuous stirring, the liquid filtered, concentrated on the 
water bath, and finally left to evaporate spontaneously As evapora- 
tion proceeded, a colourless syrup gradually separated, which, when 
left exposed to the air for several days, solidified for the most part in 
fern-like crystals ; these, after being washed with a little cold water 
and pressed between folds of filter paper, were found to contain 22*22 
per cent, of antimony. The substance, purified by dissolving it in 
water and allowing the solution to evaporate spontaneously as before, 
M as then found to contain 24 51 per cent, of antimony, but, owing to 
its instability, it was difficult to obtain any quantity of it in a pure 
state. The percentage of antimony found agrees fairly well, how- 
ever, with that calculated from the formula H 0 *Sb(C b H? 07) 2 (Sb = 
23 12 per cent.). 

The acid crystallises in groups of small, colourless plates, which 
gradually become white and opaque owing to decomposition into 
antimonions oxide and citric acid. It dissolves very easily in cold 
water, and the solution has a strongly acid reaction, and decomposes 
caibonates of the alkalis; when neutralised with the calculated 
quantity of potassium carbonate, it gives the potassium salt already 
described. The addition of a drop or two of a mineral acid to its solu- 
tion causes immediate decomposition. 

Citric acid in aqueous solution dissolves about one-seventh of its 
weight of antimonious oxide on prolonged boiling with it, and the 
solution when left to evaporate deposits a syrup which gradually 
becomes crystalline when left exposed to the air. The crystals, 
which are easily soluble in water, contain antimony, but have not 
yet been further investigated. 

Arsenious Oxide and Primary Citrates . 

With primary citrates of the alkalis, arsenious oxide forms com- 
pounds which are similar to the corresponding antimony salts, though 
less stable than the latter. 

The potassium salt was obtained by dissolving arsenious oxide, in 
small quantities at a time, in a boiling solution of primary potassium 
citrate, allowing tbe solution to cool, and then adding about three 
volumes of alcohol. A thick, colourless syrup was precipitated, 
which became crystalline on standing for several hours in contact 
with the liquid ; this precipitate was collected, washed with a little 
dilute alcohol, and analysed after recrystallisation from hot dilute 


alcohol. 


Calculated for 

Calculated for 


found. 

AB0K i (0,HA)s.4iHj0. 


El • • • • 

17-86 

17-48 

17-97 

As • • • • 

11-44 

11-21 

11-52 

HjO . . . 

12-48 

12-10 

12-44 
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The salt forms beautiful prismatic crystals which are easily soluble 
in cold water and fairly so in dilute alcohol ; an aqueous solution is 
strongly acid to litmus. With alkalis and mineral acids, it behaves 
like the corresponding antimony salt, and generally resembles the 
latter, but is less stable, for if its aqueous solution is concentrated 
by evaporation on the water bath the salt giadually decomposes and 
arsenious oxide crystallises out. If an aqueous solution is left to 
evaporate spontaneously, the salt separates as a colourless syrup, 
which only crystallises after a long time. 

In this case also, an attempt was made to prepare a salt containing 
a different proportion of potassium by using the secondary instead of 
the primary citrate, bnt the product was identical with that just 
described. Other experiments were made by adding 1 and 2 mols. 
respectively of potassium carbonate to 1 mol. of tho salt, and also 
by neutralising it completely with potassium carbonate, but appa- 
rently in every case decomposition ensued. It was found that 3 mols. 
of caustic potash were required to neutralise 1 mol. of the salt, 
which was simultaneously decomposed into a mixtuie of arsenious 
oxide and potassium citrate. 

The sodium and ammonium salts were prepared in the same wa} <is 
the potassium salt, which they resemble in properties. Bosh sepa- 
rate in the form of a syrup on adding alcohol to their aqueous solu- 
tions, and the syrup becomes crystalline on standing, though moie 
slowly than in the case of the potassium salt. 

The sodium salt crystallises fiom dilute alcohol in colourless plates, 
easily soluble in cold water. 

Calculated for Calculated for 

Found. As0Na 4 (C fl H 6 0 7 ) 2 ,3*H 3 0. AsNa*(C a HA)*3*lLO. 
As ... . 11 ‘96 12*43 12*82 

H a O... 10*01 10*44 10*77 

The ammonium salt crystallises from dilute alcohol in tutts of 
small, shining needles. As it is extremely deliquescent, the crystals 
were collected, washed with alcohol, allowed to stand over sulphuric 
acid for some hours, and then put into stoppered tubes. The salt 
dried m this way gave the following figures on analysis. 

Calculated for Calculated lor 

Found. AsO (NH 4 )3(C e H 6 0 y ) s ,H 2 0. As (NET*) ,(0 6 H 6 0 7 ) J ,ir - 0. 

As 13*78 1381 14*29 

H a O... 243 3*31 3-43 

The water was determined by exposmein a vacuum over sulphuric 
acid and the result is naturally low owing to the manner in which the 
salt was dried. 

A definite barium salt is not formed by precipitation, as is the caso 
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with the antimony compounds ; barium chloride indeed gives a white 
amorphous precipitate at once when added to a solution of the potas- 
sium salt, but this, after being allowed to stand for some time and 
then washed with cold water and dried, contained only 1*4 per cent, 
of arsenic, so that if the precipitate was a barium salt it was very 
unstable. 


Anfimov ious Oxide and Primary Haluteb. 

The only compound as yet obtained by the interaction of anti- 
monions oxide and primary malates is the pofassmm salt ; the pre- 
paration of this was troublesome, for it was found that when the 
substances wore heated together in presence of water, some of the 
malate always remained unaltered, and was precipitated by alcohol 
along with the new salt. The following method gave the best 
results : — Antimonious oxide was added in small instalments to a 
boiling dilute solution of primary potassium malate until some re- 
mained undissolved ; after the boiling had been continued for some 
hours the solution was filtered, concentrated on the water hath, cooled, 
and left in a vacuum over sulphuric acid. The first crop of crystals, 
as a rule, contained varying proportions of antimony, and appeared 
to be a mixture of unaltered malate and the new salt ; it was set 
aside and used for preparing fresh quantities of the substance. The 
second crop of crystals consisted principally of the new salt, but 
required three or four recrystallisations from water, in the manner 
described, before the composition became constant. The crystals 
were then washed with a little dilute aJcohol, pressed between folds 
of filter paper, and dried in air. Analysis of, the air-dried salt 
showed that its composition was complex, but the figuros obtained 
agree fairly well with those calculated for the formula given. 

Calculated for 

Found. (SbO) 3 K 4 (0 4 H S 0 S ) 6l 3H s O. 


K 11*42 11*02 

Sb 25*59 25*44 

H 2 0 1*32 381 


The water was determined by drying in a vacuum. The salt crys- 
tallises in beautiful, short, colourless prisms which are very soluble 
in cold water, and readily in dilute alcohol. It may be recrystallised 
from hot water, but if a solution is boiled for a short time the salt 
decomposes, and antimonious oxide is deposited. It turns brown 
and loses weight rapidly when heated to 130°. The addition of 
potassium hydroxide or of hydrochloric acid to a solution of the salt 
at once decomposes it. 

Pasteur (Ann. Ohm. Phys., 1851, [3], 31, 85) obtained a crystalline 



1036 HENDERSON AND PRENTICE : ACTION OF CERTAIN 


“ malate double d’ammoniaque et d’antimoxne ” by dissolving anti- 
monious oxide in a hot solution of primary ammonium malate 
Neither the composition nor the formula of tins salt is given, so that, 
possibly, it was similar in composition to the potassium salt prepared 
by us. 

When the calculated quantity of barium acetate is added to a solu- 
tion of the potassium salt, no precipitate is foimed, but if sufficient- 
alcohol to produce a turbidity is added, a white powder is giadnallj 
deposited ; this, which is soluble in watei and contains antimony, is 
probably the coiresponding barium salt, but has not jet been further 
examined. If excess of baiium acetate is mixed with a solution of 
the potassium salt, a white, gelatinous piecipitate is at once thrown 
down ; dried by exposure to the air, it assumes the form of a w hite 
powder which does not wholly dissolve m boiling w ater, but is freely 
soluble in hydrochloric acid. It contains about 40 per cent, ot 
antimony, and is possibly a mixture of antimonious oxide and barium 
malate. 


Armenians Oxide and Potassium Malate . 

Arsenious oxide dissolves readily in a boiling aqueous solution of 
piimary potassium malate ; but if a compound corresponding with 
the antimony salt is formed, it is so unstable that we have not yet 
succeeded iu isolating it. If alcohol is added to the solution, a crys- 
talline precipitate is thrown down, but it contains only a trace of 
arsenic, and, if the solution is concentrated on the water bath or left 
to evaporate spontaneously, arsenions oxide gradually crystallises out, 
leaving slightly impure potassium malate behind. In one experiment, 
malic acid, potassium carbonate, and arsenious oxide wore boiled with 
water until the oxide had dissolved completely, and then alcohol was 
added; a colourless syrup containing arsenic was precipitated, but it 
has not yet been possible to get this in a crystalline condition. 

Ajitimonious and Arsenious Oxules and Lactates . 

Both antimonious and arsenious oxides dissolved in boiling solu- 
tions of alkali lactates, and when the solutions were allowed to 
evaporate spontaneously or were mixed with alcohol, colourless syrups 
were obtained which did not solidify even when left in a vacuum over 
sulphuric acid for many weeks. Dried at 105°, they form colourless, 
vitreous masses. They are extremely deliquescent, and very soluble 
in water. When dried in a vacuum over sulphuric acid, they were 
found to contain 5*1 per cent, of antimony and 4*3 per-cent, of arsenic 
respectively ; the arsenic compound when dried at 105° contained 7*4 
per cent, of arsenic. It is possible that these substances are mix- 
tures of unaltered laotate with derivatives of lactic acid and tho oxides 

m 
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similar to those formed by other acids, but we did not succeed in 
separating them into their constituents either by fractional precipita- 
tion or fractional solution in dilute alcohol. The following experi- 
ment seems to justify the supposition that reaction does take place ; 
aisenious oxide (1 mol.) was dissolved in a hot solution of barium 
lactate (2 mols.), the solution boiled for some hours, and then left to 
er aporate spontaneously ; a colourless syrup separated which, when 
tested qualitatively, was found to contain a large proportion of arsenic 
<is well as barium. 4s it showed no signs of crystallising over sul- 
phuric acid, it was left exposed to the air, and at the end of two 
weeks the clear, thick syrup changed spontaneously to a wdrite, 
amorphous mass. When this solid mass w r as treated with cold water 
barium lactate went into solution and a residue of arsenious oxide 
was left. Perhaps, therefore, the syrupy substance was a compound 
[< timed by interaction of arsenious oxide and barium lactate, which 
decomposed on bemg left for some time exposed to the air. 

Antimonious Oxide and Primai'y Mucates. 

The potassium salt is the only one as yet prepared, and considerable 
difficulty was experiened in obtaining it in a state of purity, for 
although antimonious oxide dissolves slowly in a boiling solution of 
primary potassium mu cate, the new salt is not readily formed, and is 
easily decomposed by boiling with water. The best method is to add 
the oxide in small quantities at a time to a dilute aqueous solution of 
the mucate heated to boiling ; the oxide dissolves slowly until there 
is about 1 mol. in solution for each 8 mols. of mucate present, excess 
of oxide is then added, and the boiling continued for several days. 
The filtered solution, concentrated on the water bath as far as possible 
without decomposing the salt, and allowed to cool giadually, deposits 
a white powder. This, after being washed w p ith cold water and dried 
in the air, was analysed. 

Calculated for 

Found. 2SbOKU b H 8 OH,KC 6 U n 0 8i 6H,0. 


K 10-50 10-42 

Sb 20*09 21*39 

H a O 9-99 9*62 


The water was determined at 95 — 100°. 

The new compound, which, according to the analysis, must be re- 
garded as a double salt, is obtained in the foi*m of a white, finely 
crystalline powder, which is only sparingly soluble in cold, but fairly in 
hot water. Jt is decomposed when boiled with water, unless excess of 
antimonious oxide be present, and also if an aqueous solution is con- 
centrated too far on the water bath. It is also easily decomposed by 
heat, turning brown if exposed for some time to a temperature of 
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100 — 105°. It is precipitated from Its aqueous solution by the 
addition of alcohol. 

When this salt was recrystallised repeatedly, another salt was 
obtained, which resembled it closely in appearance and properties, 
but differed in containing 26 per cent, of antimony. A salt of the 
composition SbOKC 6 H 8 0s,4H2O would contain 26*37 per cent, of anti- 
mony, so it may be concluded that the double salt described above is 
split up by repeated recrystallisation from water, and yields the 
simple salt. 


Arsenious Oxide and Primary Mucate*. 

Arsenious oxide -was also fonnd to dissolve in a boiling solution of 
primary potassium mucate; a slight excess of the oxide was used, 
and, after boiling for several hours, the solution was concentrated, 
cooled, filtered from any arsenious oxide which separated, and mixed 
with alcohol. An amorphous precipitate was obtained, which, on 
standing in contact with the liquid, formed small, needle-shaped 
crystals. Two analyses of different preparations gave 16' 13 and 
18*07 per cent, of arsenic respectively, while a substance of the 
formula As0KC 6 H 7 0 8 ,3H 2 0 would contain 18*20 per cent, of arsenic. 
This potassium salt is not stable, and decomposes when an aqueous 
solution is left to evaporate spontaneously. 

As regards the constitution of the compounds described above, it 
will be observed that the salts formed by the interaction of anti- 
monious and arsenious oxides with the citrates might be repie- 
sented as double citrates of antimony or arsenic and potassium, 
barium, &c, SbC 8 H fl 0 7 ,K 3 0 6 H 5 0 7 ,2H 2 0; Sb0 fl H fl O 7j Ba 3 (C 6 H 6 O7)2,10H 2 O ; 
As0 B HaO 7 ,(inT4)3C 6 H 6 O 7 ,H a O, &c. On the other hand, in the case of 
almost all of the compounds described, the analytical figures agree 
better with the formulae calculated on the supposition that the salts 
contain the radicles (SbO)' and (AsO)'; thus, the formulae would be, 
for tho citric acid compounds, (SbOJKOeHeO^KaOsHeOT^HjO; 
(SbO)BaC 4 H 4 OT,2BaCsH 8 O 7 ,10H s O ; (Sb0)C 6 H 7 0 7 ,C fl H 8 0 7 ; 

(AsO) (tfH*) C 8 H 6 0 7 j (NH 0 a CeH 8 O 7 ,H 2 O, &c. ; 
for the malic acid compound, 3(SbO)04H 6 08,2K s 04H 4 0«,0*H 8 Ofi,3H20 
or StSbOjKOiHiOsjKCiHsOs^CiHeOgjSHaO ; for the mucio acid com- 
pounds, 2(SbO)KG 6 H 8 0 8 ,i:0 6 H 8 0 8 ,6H 2 0 and (Sb0)KC 6 H 8 0 8 ,4H a 0. 

But it must be noted that, as stated in our former paper ( loc . cit) 9 
apparently it is only hydroxy-acids which react with antimonious or 
arsenious oxide to form compounds such as those described, that is, 
the presence of one or more alcoholic hydroxyl groups in the acid is 
essential to the reaction, hence those groups play an important part 
in it. It is difficult to account for this if it is held that the (SbO)' 
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or (AsO) f is present in those compounds as a basic radicle, displacing 1 
the hydrogen of a carboxyl group, but a not unreasonable explana- 
tion is found if it is assumed that the SbO or AsO radicle displaces 
the hydrogen of an alcoholic hydroxyl group, giving rise to com- 
pounds -which may be compared with the alkyl derivatives of 
hydroxy-acids. Another explanation is, however, possible, and 
indeed seems preferable, in the case of at least some of the new salts. 
In the compounds of citric acid, which contain one alcoholic hydroxyl 
group, there is 1 atom of antimony or arsenic for 2 mols. of the acid 
(regarding the barium compound as a double salt) ; in the compound 
of malic acid, which also contains one hydroxyl group, although the 
composition of the salt is more complex, the same latio of 2 mols. of 
acid to 1 atom of antimony appears ; tartaric acid, which contains 
two alcoholic hydroxyl groups, forms compounds with both anti- 
monions and arsenious oxides in which there is 1 atom of antimony 
or arsenic for 1 mol. of the acid ; mucic acid contains four alcoholic 
hydroxyl groups, and forms a compound in which, if we regard it as 
a double salt, there is again 1 atom of antimony tor 1 mol. of acid. 
It seems then, not only that the formation of such compounds 
depends on the presence of alcoholic hydroxyl groups in the acid, but 
also that the composition of the compound depends on the number of 
those groups in the molecule of the acid. This is explicable on the 
assumption that the compounds are salts of substituted antimonious 
or arsenious acids, in which the radicle of the organic acid is linked 
on to the antimony or arsenic by the oxygen of one or more hydroxyl 
groups. The formulae of such acids might be represented as follows. 


Antimonio-lactic acid, 
Antimonio-malic acid, 


CBVOH -O-Sjb-O-OH-OHa 
COOH OH OOOH 5 
COOH-CH-O’Sb-O.CH-COOH 
COOH-CH* OH CH/COOH * 


COOH-tj/Ha OH a -COOH 
Antimomo-citric acid, COOH-O-O-SlrO-C’COOH ; 

COOH-OH* OH OHs-OOOH 

Antimonio-tartaric acid, qooH-CH’O^ 5 
COOH-CHfOHVCH'O 

Aatimonio-mncio acid, OOOH . 0 H( 0 H>6H-0> Sb ' OH - 


The formulae for the derivatives of arsenious acid would be strictly 
analogous. 

Compounds of this nature appear to be capable of existence, for an 
unstable antimonio-tartaric (tartrantimonious) acid has been isolated 
by Clarke and Stallo (Avwr. Ohem, J. 9 1880, 2, 319), and it has been 
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shown by one of us (this vol., 102) that in all probability a corre- 
sponding arseniotaitaric (tartrarscnious) acid can be obtained iu 
solution, whilst a substance, which appears to be antimonio-citric 
acid, is described in the present paper. It is hardly necessary to 
point out, in addition, that the borotartrates, of which a number have 
been prepared, may be regarded as salts of a boro-tartaric acid, 

c 4 h 4 o 6 :b*oh. 

It cannot be said that the results we have obtained so far permit 
of a decision as to the constitution of the salts* mentioned, but it is 
hoped that some light may be thrown on the question by experiments 
which are in progress on the behaviour of other acidic oxides with 
hydroxy-acids of the aliphatic series, and of antimonious and 
arseuious oxides with hydroxy-acids of the aromatic senes. 

Chemical Laboratwy , 

Glasgow and 1 Vest of Scotland 
Technical College . 


CIX. — A aid ylth iocarh imides. 

By Augustus E. Dixon, M.D. 

A pew months ago (this vol., 565), it was shown by the author, 
in conjunction with R. E. Doran, that lead thiocyanate, inter- 
acting, in presence of anhydrous benzene, with the chlorides of 
succinic and phthalic acids respectively, affords, instead of the corre- 
sponding thiocyanates, acidic compounds of the thiocarbimide class. 
With succinyl chloride, for example, the reaction takes place almost 
quantitatively as follows. 

C a H 4 (COCl)* + Pb(SCK) a = PbCh + C a H 4 (CO-NC8) s . 

Owing to the instability of the latter product, all attempt* to isolate 
it in a pure condition proved unsuccessful ; but by bringing the sub- 
stance, in solution, into contact with ammonia, with primary or 
secondary amines, with phenylhydrazine, or with alcohol, the corre- 
sponding thioureas, semithiocarbazide, or thiourethano were formed, 
thus establishing beyond question its tbiocarbimidio character. 

In the present communication, an account is given of the prepara- 
tion, in solution, of the valeryl and cinnamoyl compounds, together 
with a number of their derivatives, and the process has been further 
extended by Mr. Doran to the chlorocarbonic “ esters/ 7 with results 
which he hopes shortly to lay before the Society. 

Paj&t I , — Derivatives of Valerylthiocarbimide . 

Yaieryl chloride, diluted with about three times its own volume 
of anhydrous benzene, was heated with a little more than the ealeu- 
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lated amount of pure, well-dried lead thiocyanate to the boiling 
point of the mixture, using a reflux condenser. The solution 
gradually changed colour, becoming fine, clear, golden yellow, 
and in about a quarter of an hour was free from chlorine ; it was 
filtered from lead chloride and unaltered thiocyanate by means of 
the pump, and, for convenience in use, was diluted with more ben- 
zene, so that (assuming xhe yield to be quantitative) each litre 
should contain. a gram-molecule of dissolved product. The solution 
had a barely perceptible odour of valeric acid, otherwise it possessed 
little smell except of benzene, but its vapour attacked the eyes 
strongly, exciting, like acetylthiocarbimide, a copious flow of tears. 

When shaken np with cold water, or exposed to moist air, the 
dissolved thiocarbimide gradually decomposed, yielding thiocyanie 
and valeric acids — 

CiHo-CO-NCS + H a O = CJLrCOOH + HSCN; 

on the other hand, the mixture with alcohol was readily desulphur- 
ised by boiling with alkaline lead tartrate, or in the cold by the 
addition of ammonia cal silver nitrate. In the experiments to be 
described, the above-mentioned benzene solution was employed. 

&h-Vulerylp7ienyUIt£QcarbaMide^ OiHfl*CO , NH-G»S-NH*C 6 H 5 . !|,! 

Molecular proportions of valery lthiocarbimi do and alcoholic solu- 
tion of aniline were mixed ; some evolution of heat occurred, and 
after concentrating and allowing to cool, large, vitreous, flattened 
prisms separated, which, when further purified by recrystallisation 
from alcohol, melted at 98—99° (corr.). The yield amounted to 
about 67 per cent, of that theoretically obtainable according to the 
equation — 

C 4 H 0 «CO-NCS + C 6 H 6 -NH 2 = C 4 H 9 -CO-NH-OS^H*CeH5, 
and reckoned on the amount' of* chloride used in the preparation of 
the thiocarbimide. 

A sulphur determination afforded the following result. 

0*2001 gave 0*1948 BaS0 4 . S = 13*38. 

C w H lb N*SO requires S = 13*57 per cent. 

The thiocarbamide is practically insoluble in boiling water, easily 
soluble in hot alcohol, rather sparingly in cold, freely so in ether, 
chloroform, carbon bisulphide, and benzene; from the latter it is 
partially precipitated by light petroleum. It also dissolves readily in 
cold concentrated sulphuric acid; the solution is precipitated on the 
addition of water. Ferric chloride produces no colour change ; the 

* For nomenclature, see this vol < p. 064. 
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solution is desulphurised by boiling with alkaline lead tartrate ; with 
neutral silver nitrate, a white precipitate falls, which rapidly darkens ; 
if the ammoniacal nitrate be used the mixture blackens at once. 

Action of Caustic Alkali . — A portion of the thiocarbamide was dis- 
solved in hot, dilute, caustic soda, and the solution, when cool, was 
precipitated by adding a slight excess of hydrochloric acid. The 
mixture was then boiled for a few minutes, until the odour of valeric 
acid was no longer perceptible, and a clear solution was obtained. 
On cooling, it deposited pure white prisms, easily soluble in hot 
water, sparingly in cold, soluble also in cold hydrochloric acid or 
caustic alkali, desulphurised by lead or silver salts, possessing an 
intensely bitter taste, and melting at 153—154°. From these pro- 
perties, the compound was obviously phenylthiourea (m. p., 154°) ; 
its formation occurs as follows. 

NHPh-0S^H*C0‘0 4 H 9 4- HaOH = CA-COOKa + CSNAPh, 
a reaction analogous to that observed in the case of succinyl-ah-di- 
phenyldiihionrea (be. cit., 568). 

Action of Silver Nitrate . — Another portion, dissolved in hot spirit, 
was mixed with a little more than the theoretical Quantity of silver 
nitrate Silver sulphide at once precipitated, and after a few 
minutes’ boiling was filtered off; the filtrate, when concentrated, 
gave a crop of brownish crystals, which, on recrystallisation from 
dilute alcohol, were deposited in beautiful, colourless, silky needles, 
melting at 98 — 99° (corr.). 

Analysis showed these to he the expected valerylphenylnrea. 

0*1984 gave 22*9 c .c of moist nitrogen at 23° and 740 mm. N = 12*94. 

CiJFTujNiOg requires N = 12 76 per cent. 

Valerylphenylnrea is odourless, insoluble in cold water, almost in- 
definitely soluble in boiling alcohol, moderately so in cold. It iV 
very freely soluble in ether, chloroform, benzene, and carbon bisul- 
phide, easily in hot, and moderately in cold, light petroleum. 

ab- V alerylorth otolyl thioca rbamid e, C i Hg*CO , !N 4 *CS*N'H‘C«H 4 *CH t j. 

Prepared by adding the theoretical quantity of orthotoluidine, in 
alcohol, to a benzene solution of tho thiocarbimide. Heat was evolved, 
and on concentration solid matter separated, amounting, when dr\ , 
to over 83 per cent, of the theoretical, reckoned as in the case of the 
corresponding phenyl-compound. By recrystallisation from spirit, 
the substance was obtained in large, well-formed, colourless, vitreous 
prisms melting at 142 — 143° (corr.). 

0*2015 gave 0 1884 BaSO*. S = 12*85. 

C l3 Hi S N>SO requires S = 12*81 per cent. 
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Valerylorbhotolylthiocarbamide is insoluble in boiling water, easily 
soluble in hot alcobol, sparingly in cold, very freely in chloroform, 
easily in carbon bisulphide, moderately in ether and benzene ; soluble 
also in concentrated sulphuric acid, the solution being precipitated 
on diluting with water. The solution in spirit or alkali is desul- 
phurised by boiling with alkaline lead tartrate. Ammoniacal silver 
nitrate desulphurises the solution instantly ; the neutral nitrate gives 
a white precipitate, which rapidly decomposes with formation of 
silver sulphide. 

Action of Oaustic Alkali, — The compound dissolved readily in warm 
dilute caustic soda, and, on adding hydrochloric acid, a white, cry- 
stalline precipitate was formed, moderately easily soluble in boiling 
water (from which it was deposited in small prisms), sparingly soluble 
in cold, or in ether, and melting at the same temperature as orthotohjl~ 
thiourea , namely, 160 — 161°. 

Desulphurisation. — Formation of ValerylorthotolyUurea, — A quantity 
of the thiocarbamide was desulphurised in boiling alcoholic solution, as 
described for the phenylio liomologue ; the solid product, after re- 
crystallisation from spirit and animal charcoal, formed long, slender, 
silky white needles melting at 119 — 120° (corr.). 

0*1996 gave 21*7 c.c. moist nitrogen at 23° and 740 mm. IT = 12 19. 

^0<^g.Q(>Q 4 g; 9 requires N = 11’99 per cent. 

The substance is practically insoluble in boiling water, very freely 
soluble in hot alcohol, chloroform, and benzene, moderately in ether 
and carbon bisulphide, somewhat sparingly in cold alcohol. 

ab- Valerylparatolylthiocarbamide, GiHg-CO'NH'CS'lSrH'CBH^'OH *. 

Obtained as before from the thiocarbimide and paratoluidine, the 
yield being about 60 per cent, of the theoretical. When recrystallised 
from hot alcohol, it separated in brilliant, colourless prisms melting 
between 116° and 117° (corr.). 

The formula was checked by a sulphur determination. 

0*201 gave 0*189 BaS0 4 . S = 12 92. 

O i $Hi 8 N 2 SO requires S = 12*81 per cent. 

The paratolyl compound is Insoluble in water, easily soluble in hot 
alcohol, sparingly in cold, very freely in chloroform, moderately in 
benzene. With sulphuric acid, silver and lead salts, it behaves like 
the corresponding ortho- derivative. By dissolving in warm dilate 
caustic alkali, and precipitating the solution with hydrochloric acid, 
pat atokjlthio urea was obtained in white prisms, melting at 187 — 188 
(corr.). 
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^Valerijh^naphthyltTiiocarbamide^ O^g'OO'NH'CS'NH'O^H-. 

Heat was evolved on mixing the benzene solution of valeryithiocar- 
bimide with alcoholic a-naphthylamine, and, on cooling, solid matter 
separated, amounting, when dry, to 70 per cent, of the theoretical 
yield. By recrystallisation from spirit, using animal charcoal, slender, 
white needles were obtained, odourless, becoming somewhat electrical 
on friction, and melting at 129 — 130° (corr.). 

0*2012 gave 0-1626 BaSO*. S = 11*11. 

C 16 Hi 8 $r 2 SO requires S = 11*19 per cent. 

The eomponnd is insoluble in water, easily soluble in boiling 
alcohol, sparingly in cold. It is desulphurised by boiling with 
alkaline lead tartrate, with formation of a fine speculum ; and the 
alcoholic solution gives, with neutral silver nitrate, a white precipi- 
tate, which soon begins to darken, or, with the ammonical nitrate, an 
immediate precipitate of silver sulphide. 

Like its congeners, it dissolves readily in warm dilute caustic 
alkali; the solution, on cooling, deposits a solid, which crystallises 
from alcohol in white, rhombic prisms, difficultly soluble in boiling 
water, rather sparingly in alcohol, desulphurised by alkaline lead 
solution, melting at 196 — 197° (corr.), and consisting evidently of 
a-naphthylthio urea. AI. p. of the latter, 198°. 

n-Vale) yl-v-benzyLphenylihiourea , * 

Obtained, with evolution of heat, from the thiocarbimide and 
(alcoholic) benzylaniline ; when recrystal lisod from spirit, it formod 
slender, pure white, odourless needles, melting at 125—126° (corr.). 

0 2026 gave 0*1438 BaSO*. S = 9*75. 

CxgHijKoSO requires S = 9*82 per cent. 

The tertiary thiourea is insoluble in water, easily soluble in boiling 
alcohol, moderately in cold, soluble, also, in caustic alkali, from which 
it is roprecipitated unchanged on the addition of hydrochloric acid. 
[M. p. found, 125 — 126° (corr.); “ unsymmetrical n benzylphenyl- 
thiourea melts at 136*5°.] 

It differs, also, from the preceding acidic compounds in not being 
desulphurised by alkaline lead solution; moreovei', when treated 
with neutral or ammoniacal nitrate of silver, a white precipitate falls, 
which does not blacken, even on boiling. 


* For nomenclature, see this vol , p. 505. 
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Yalerylthiourea , CSN a H 3 *C(>C 4 H 9 . 

Alcoholic ammonia was added, in considerable excess, to the solu- 
tion of valerylthiocarbimide ; there was marked evolution of heat on 
mixing, and the liquid, when concentrated, deposited large, ice-like 
crystals, which were purified by recrystallisation from spirit, and 
analysed. 

0*1308 gave 0*1877 BaS0 4 . S = 19*72. 

OeHujNaSO requires S = 20 01 per cent. 

The recrystallised substance occurred in brilliant, vitreous prisms, 
devoid of odour, and melting, apparently without decomposition, at 
158 — 159° (corr.). It is freely soluble in hot alcohol, benzene, and 
chloroform; moderately in hoi water, cold alcohol, and ether; 
sparingly in cold water and cold benzene. With neutral silver nitrate, 
the solution yields a nearly white precipitate, slowly changing, 
through yellow and dull orange, to black ; it is also readily desul- 
phurised by warming with alkaline lead tartrate; ferine chloride 
produces no colour change. 

Hit hylic Valerylthiocarbamate ( Valeryl-fS-thiourethtoie ), 
C 4 H9*CO-NH-CS-OC 3 H fi . 

No perceptible evolution of heat occurred on mixing the thiocar- 
bimide with a large excess of anhydrous ethylic alcohol, and, after a few 
days’ standing, the mixture was concentrated on the water bath; 
the brownish, oily residue gradually deposited long needles, the whole 
eventually becoming almost solid. When collected with the aid of 
the pump, well pressed in bibulous paper, and recrystallised from 
acetone, the compound formed small prisms, faintly yellow when 
seen in mass, having a slight valerianic odour, and melting at 
54-56°. 

0*203 gave 0*2467 BaS0 4 . S = 16*71. 

GsHisNSOa requires S = 16*95 per cent. 

It dissolves to a limited extent in boiling water, from which, on 
cooling, it separates as an oil ; it is extremely Boluble in the following 
liquids : — Methylic or ethylic alcohol, ether, acetone, ethylic acetate, 
chloroform, aldehyde, carbon bisulphide, benzene, cumene, and light 
petroleum. The alcoholic solution is slightly desulphurised* by treat- 
ment with alkaline lead tartrate ; neutral or ammoniacal silver 
nitrate produces a white precipitate, which blackens on boiling. 

* Perhaps, owing to the presence of a trace of impurity ; the odour, and the want 
of Bliarpness in melting point, also indicate that the compound was not quite pure 

VOL. LXVII. 4 A 
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Pvui II. — Dei icLitibe^ of CitiiutuwyhJuoi lrhimith. 

Hitherto no acidylthioearbimide derived from an “ unsaturated " 
acid appears to be known : the following experiments relate to tlic 
preparation, in solution, of a member of the class in question and of 
its derivatives. 

Cinnamo} 7 ! chloride, dissolved in anhydrous benzene, and dry lead 
thiocyanate, the latter in somewhat greater proportion than that 
requited by the equation 

2C ( H5-CH:CH-C0C1 + Pb(SCN) 2 = 2C b H 0 -CH:CH-CO-lSrCS + PbOl , 

were heated together on the water batli, nsing a reflux coudensei. 
The mixture gradually changed from pale yellow — its initial colour — 
to rather deep yellow, and after 10 minutes’ boiling, the solution wa^ 
found to be free from chlorine. After separating and washing the 
solid residue, the clear filtrate was diluted with benzene, as in the 
Crise of the valeryl compound. The solution thus obtained had a 
somewhat pnngent odour, especially when warmed, resembling that 
of other acidylthiocarbimides, but less marked than usual. When 
mixed with alcohol and treated, in the cold, with ammoniacal silver 
nitrate, silver sulphide was precipitated almost instantly; the mix- 
ture was also readily desulphurised by warming with alkaline lead 
tartrate. Cold water decomposed the benzene solution only slowly 
when shaken up w r ith it, the aqueous layer giving with fenic chlonde 
a rather feeble reaction for thiocyanic acid ; after warming, howevei , 
tlie iron salt produced a strong blood-red coloration, and a buit- 
coloured, amorphous precipitate was formed. On exposure for some 
time to (moist) air, pale yellowish crystals sepaiatod from the benzene 
solution; they were soluble in hot water, melted at 133°, and in- 
sisted of cinnamic aciil. 

ab-tV nnamo ylphwylthxocarbam i dr, C«H 6 *C1I*(J 

Uinnamoylthiocarbimide and aniline were mixed in warm benzene 
solution ; in about an hour, solid matter began to separate, and even- 
tually the whole sec to a solid crystalline mass. After draining off, 
washing, and drying, the yield was found to be 03 per cent, of the 
theoretical — reckoning from the chlonde as starting point By 
reerystallisation from boiling alcohol, the substance was obtained in 
felted masses oflong, flexible, silky needles, melting, apparently with- 
out decomposition, at 165 — 166° (corr.). 

A sulphur determination afforded the following result. 

0-2 gave 0*1669 BaSO*. S = 11*47. 

CaH M !N“sSO requires S = 11*36 per cent. 
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Cinnamoylphenylthiocarbamide is insoluble in water, sparingly 
soluble in cold alcohol, benzene, and carbon bisulphide, with difficulty 
in boiling alcohol and ether, easily in chloroform, very freely in hot 
benzene. Its solution in caustic alkali is giudually desulphurised by 
boiling with alkaline lead tartrate ; the alcoholic solution also gives 
np its sulphur on the addition of ammoniacal silver uitrate — slowly in 
the cold, or rapidly on heating. 

Action of Si her Nitrate , — A boiling, somewhat dilute, alcoholic solu- 
tion of tho thiocarbaraide, when treated with the above reagent, gave 
at once a precipitate of silver sulphide, and the filtrate from the latter, 
as it cooled, deposited c innamoylphcn ijlu rea . 

0*2070 gave 19*5 e.c. moist nitrogen at 10° and 740*5 mm. N = 10*73, 

V CCM 1 H ! OH- C 8 H 6 m l uires 38 P ov cen ^- 

The urea crystallises from alcohol (hi which it is difficultly soluble 
at +he boiling point, and very sparingly in tho cold) in microscopic 
white prisms, melting at 211 — 212' 1 (con*.). Tt is insoluble in water 
or dilute alkali, rather difficultly soluble in boiling benzene, sparingly 
in ether, carbon bisulphide, and cold benzene. 

ab ~Cwn(tmoylartfa)tolylthwc(irbami({i* 9 

OeHft-OHIOH-OO-NH-CS-NH-O^CH,. 

Prepared, like the corresponding phenyl derivative, from oinna- 
xnoylthiocarbimide and orthotoluidine ; it formed whitish needles, 
the yield of which, calculated as boforo, amounted to only 34 per 
rent, of the theoretical. By recrystallisation from alcohol, the com- 
pound was obtained in nearly white needles, having a faint yellowish 
tinge, and melting, at lb2 — 183° (corr.), to a pale gi*een liquid. 

0*2002 gave 0*1582 BaSO*. S = 10*86. 

CnHjeNjSO requires H = 10*82 per cent. 

Lt is insoluble in water, only moderately soluble in boiling alcohol 
or ether, easily in hot benzene and in chloroform, H dissolves also 
in hot dilute, (‘auntie potash ; the solution thus obtained is pre- 
cipitated by hydrochloric acid, and is gradually desulphurised by 
boiling with alkaline lead tartrate. The alcoholic solution gives 
with either neutral or ammoniacal silver uitrate a whitish precipi- 
tate, which darkens slowly in the cold, or blackens at once on 
heating. 

ab -Oimiamoylparatohjlfhiocarbimub, 

o 6 h 8 -oh:oH‘00-nh*os-nh-c 6 h 4 ‘OH3. 

The constituents were mixed in slightly warm benzene solution, 
and in a few minutes yellow noodles began to soparato; after being 

t 4 2 
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drained, washed with more benzene, and dried, the yield amounted to 
about 40 per cent, of the theoretical. By reeryBtallisation fiom 
boiling alcohol, beautiful, hair-like needles were obtained, having a 
faint lemon-yellow tinge, and melting at 194 — 194 5° (corn.). The 
formula was verified by a sulphur determination. 

0-2017 gave 0-1614 BaSO*. S = 11*00. 

Ci 7 Hi 6 £r 2 SO requires S = 1082 per cent. 

The compound is insoluble in boiling water, sparingly soluble in 
boiling alcohol, nearly insoluble in cold, moderately in hot benzene, 
difficultly in ether and carbon bisulphide. It scarcely dissolves in 
hot dilute caustic alkali, but is soluble, with decomposition, if the 
alkali is concentrated. Alkaline lead tartrate desulphurises it slowly, 
and with some difficulty, but the sulphur is easily withdrawn, even in 
the cold, by neutral or ammoniacal nitrate of silver. 

ab- Cinnamoyl-cc-naphthylthiocarbami de, 

CA-CHICH-OO-NH-CS-NiH-CroH,. 

o-Haphthylamine and the thiocarbimide were mixed, as before. 
Heat was liberated, and the contents of the vessel solidified at once, 
owing to the separation of a yellowish, finely divided substance, the 
yield of which, when dry, was found to be nearly 60 per cent, of the 
theoretical. The product was recrystallised from hot benzene, and 
thus obtained in felted masses of long, very slender, flexible needles 
melting between 203 — 204° (corr.). 

It is insoluble in water, very sparingly soluble in hot alcohol and 
ether, or in carbon bisulphide, rather sparingly in chloroform and 
hot benzene, almost insoluble in cold, somewhat more easily in boiling 
toluene. 

0-2141 gave 0’1482 BaSO*. S = 9*51. 

CaoH^NsSO requires S = 9 65 per cent 

Ginnamoylthionrea , 0 SNaHj* CO-CHlCH-OsH®. 

Excess of alcoholic ammonia was added to a warm benzene solution 
of the acid thiocarbimide ; considerable evolution of heat occurred, 
and solid matter at once separated, consisting of silvery-grey, micro- 
scopic crystals. These were dissolved in boiling alcohol, which, ou 
cooling, deposited long, slender, flexible, white needles melting at 
215 — 216° (corr.). 

0-2008 gave 0-228 BaSO*. S = 15*61. 

CioH lo NaSO requires S = 15*55 per cent. 

Omnamoylthiourea is insoluble in water, only moderately soluble 
in boiling alcohol, and very sparingly in cold. The alcoholic solution 
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is desulphurised, bat not readily, by boiling with alkaline lead 
tartrate ; with either neutral or ammoniacal silver nitrate, desulphur- 
isation occurs moderately easily in the cold, or copiously and rapidly 
on warming. 

Eiltylic Ginnamoyltliiocarbamate ( Oimamoyl-fB-tldoureilume ) , 

C 6 H 5 -0H:0H*OO-]SrH-0S-OO,H 3 . 

The tliiocarbimide, in benzene, was mixed with a considerable 
excess of absolute ethylic alcohol ; no perceptible evolution of heat 
occurred, and the mixture, after five days, still remained clear. The 
excess of alcohol was then carefully driven off on the water bath, and 
a brownish liquid thus obtained, which, later on, deposited yellow 
needles; these, when collected and recrystallised from spirit, were 
pale yellow, and melted at 134 — 135° (corr.). 

0*2002 afforded 0*2001 BaSO*. S = 13*74 

CieHuN'SO* requires S = 13*03 per cent. 

The thiourethanc is insoluble in water, easily soluble in hot 
alcohol, moderately in cold. Its solution is scarcely perceptibly 
desulphurised by treatment with alkaline lead tartrate, and yields, 
on the addition of ammoniacal silver nitrate, a yellowish-white pre- 
cipitate, which does not blacken, even when the mixture is boiled. 

It is intended to continue these experiments with lead thiocyanate, 
so as to include chlorides other than those containing the group 
— CO-C1 ; for example, picryl chloride, phenylsulphonic chloride, and 
the chlorides of the alkylsnlphnric acids. 

The author wishes to express his thanks to Mr. R. E. Doran for 
the assistance which he has given in connection with the experi- 
mental work recorded in the present paper. 

Chemical Department, 

Queen’s College , Corl\ 


OX . — On Flame Temperatures and the Acetylene 
Theory of Luminous Hydrocarbon Flames. 

By Arthur Smithblls, B.He. 

In a paper read before the Oliemical Society in 1892 (Trans., 61 , 
217) I gave a short summary of the evidence bearing upon the struc- 
ture of luminous hydrocarbon flames, and endeavoured to account for 
the four distinctive parts of such flames which had been generally 
recognised by workers on this subject. Referring to the separation 
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of solid particles oi carbon, I said, “ a problem remainin'* to be 
studied concerns the exact course of the decomposition of the hydro- 
carbon in the flame.” 

Shortly after the above paper appeared, Professor Lew es read a 
paper before the Society (Trans., 1892, 61, 322), in which he 
advanced the doctrine that the luminosity of flame depends on tl.e 
intei mediate formation of acetylene. Ho also adopted a new view as 
to the zones which constitute an ordinary luminous flame In subse- 
quent papers ( P>oc . Roy. Soc , 1894, 55, 90; 1895, 57, 394,450), 
Professor Lewes has developed his theory concerning the source of 
the luminosity in hydrocarbon flames. 

He i*ecognises thiee distinct parts in luminous flames : 

1. “ The inner zone, in which the temperature rises from a com- 
paratively low point at the mouth of the burner to between 1000° 
and 1100° at the apex of the zone.” In this zone, the most important 
action is the conversion of part of the hydrocarbons into acetylene. 

2. “ The luminous zone, in which the temperature ranges from 
1100° to a little over 1300°.” Here the chief action is the decom- 
position into its elements of the acetylene formed in the preceding 
zone, 

3. “ The extreme outer zone, in which the cooling and diluting 
influence of the entering air renders a thin layer non-lumimous, and 
finally extinguishes it ” 

In advancing this view, Professor Lewes omits all notice of the 
detailed experimental evidence (Trans., 1892, 61, 217) by which I was 
led to endorse and amplify the older view as to the distinctive parts ot 
a flame. I do not feel it necessary at present, therefore, to say more as 
to the latter, but will confine myself to a categorical consideration 
of the evidence on which the acetylene theory is based. 


The Temperature Gradients of Flame. 

In his first paper (Trans., loc. c it.). Professor Lewes says that tin 
Le Ohatelier thermo-couple “ gives a means of measuring the tem- 
perature of flames with ease and comparative accuracy.” In a paper 
published in the Philosophical Magazine^ 1894, [5], 37, 245, 1 ha\ e 
adverted at length to the vagueness of the term temperature* 
as applied to flames, and to the impossibility ot obtaining any 
accurate measurement of the temperature of the exceedingly thin 
sheets of glowing gases (or solid particles) of which flames are com- 
posed. Though Professor Lewes, in his last paper (Proc. Roy, Soc , 
1895, 57, 450), seems to accept and to utilise these views, and in 
some measure to strengthen them, he still adduces measurements of 
temperature as the chief basis for his theory. I have therefore made 
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«*i number of experiments on fclie subject, with the results described in. 
the following paragraphs. 

The instrument which I have employed for the measurement of 
flame temperatures is the platinum and platinum-rhodium thermo- 
couple, which has also been used by Professor Lewes in his experi- 
ments on flame ; this instrument has the advantage that it can be 
made of thin wires, which can bo so bent that a considerable length 
of wire on each side of the junction can be placed in the sheath of 
fixmo in which the measurement is being made, and thus the drain 
of heat from the junction by conduction considerably reduced. 

The junction was made by singly linking the wires and then weld- 
ing them. vSinco the couple will obviously register the lowest tem- 
perature on the surface of contact of the two metals, it is desirable 
to keep that surface as small as possible, and lienee the junction made 
as above was preferred to a twist of the two wires. 

The wires of the thermo-couple had a diameter of 0*5 mm., and 
were connected by copper wires (the junctions being immersed in 
water) to a reflecting galvanometer, the total resistance being about 
4 ohms. Calibration was effected by means of boiling sulphur 
(44S C ) and melting salt (775°). I adopted the statement of Lo Oil Ate- 
lier that the curve connecting E.M.33\ and temperature is, between 
these limits, a straight line, and assumed that this might be produced 
even to the temperatures measured. The resistance of the circuit 
was not high enough to be unaffected by changes of temperature in 
the region of the junction, but as both the increase of resistance and 
the increase of K.W.F. are proportional to the temperature, the curve 
compounded of these two changes should still be a straight line, the 
slope of which was determined in the calibration. Incidentally, in 
the use of the couple, the assumptions made were sufficiently jnstifl ed 
by the melting point of the platinum wire being determined as 1830 
by fusion in a hydrogen flame. (Tho number given by Violle is 
1775 r .) 

Nou-h(m>K)tt * Hydrocarbon Flames . — It will be convenient in tho 
first place to record the observations made in a Bunsen flame, using 
coal gas. When the air supply to such a flame is plentiful, a very 
distinct differentiation into two cones is noticeable. The flame is 
thus comparatively simple, but it serves admirably to exhibit the pre- 
cautions that have to be obseiwed in making measurements which 
shall indicate, even comparatively, the average temperature of the 
region in which the junction is immersed, and the caution necessary 
in drawing conclusions from such measurements. 

Stretching the two wires of the thermo-couple straight, and 
immersing the couple iu the region of the flame where a measure- 
ment was desired, an approximately uniform temperature (1517° io 
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1542°)* was recorded at all points laterally from tlie inner cone to the 
outer cone. 

But it is obvious that when the couple is used in the manner 
described no valid measurements are possible. Fig. 1 represents a 

horizontal section through 
the lower half of a Bunsen 
flame (the concentric cir- 
cles representing the two 
cones), showing also the 
disposition of the thermo- 
couple. In the position 
Ci the junction is heated 
solely at the point of im- 
mersion in the outer cone. 
In the position C 2 it is 
heated by immersion in 
the inner cone, but since 
the wires pass on each 
side through the outer 
cone as well, there is here 
a second supply of heat which makes the reading relatively too high. 
This eiror can be eliminated to a large extent by bending the wires 
so as to fit the form of the cones (C 3 and C 4 in the figure) ; a consider- 
able length on each side of the junction is thus immersed, and loss of 
heat by conduction avoided in both cases. Adopting this arrangement, 
it was found that the couple registered a temperature of 1611°, or 80 L 
higher in the outer cone at C* than in the inner one at Cj ; the 
average temperature of the outer cone is, in fact, considerably higher 
than that of the inner one. This result is not incompatible with the 
statement I have previously made (Trans., 1892, 61, 204) to the 
effect that when the cones are widely separated the inner one has the 
higher temperature. The apparent contradiction is explained by the 
simple consideration that in a Buusen flame, where the cones are 
close together, the combustible gases passing from the inner cone 
have not time to radiate much heat before burning, and consequently 
to the heat developed by their actual combustion in the outer zone 
must be added that which they bring with them. 

The above experiments, therefore, show two things : First, the 
fallacious results that may he obtained by not disposing the couple 
with due regard to the conformation of the zone of flame to bo 
measured ; and secondly, the difficulty of ascertaining the increase of 
temperature contributed by the chemical changes occurring m any 

* As will be explained subsequently, no importance is attached to these tom* 
pastures as absolute temperatures. 


Fig. 1 
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one spot. I have made no attempts to measure the temperatures in 
the region of no combustion which lies within the inner cone ; such 
measurements, even if made by thrusting the couple upwards through 
the burner tube would be useless as a means of determining the tem- 
perature of the gases, as the stationary couple would obviously be 
heated to a much higher temperature than the stream of gases, by the 
heat radiated from the walls of flame which surrounded it. Besides 
this, there is always the likelihood of slow combustion being induced 
at the surface of the platinum. 

Luminous Coal Gas Flames — The flame experimented upon was 
that given by No. 4 Bray’s union jet at a gas pressure of about 
2^ in. of water. The flame had the form given in the diagram, 
Pig. 2. 

To obtain any useful 
measurements in this case, 
as m the other, the -wires 
on each side of the couple 
must be placed in zones of 
the same temperature as 
the junction. This may 
be done approximately by 
laying the junction and 
the adjacent wires in a 
horizontal straight line, 
and introducing it along 
the flat face of the flame so that it may be placed with a consider- 
able length of the wires immersed symmetrically in any one sheatli 
and passing through parts of the flame in like condition. 

When the couple arranged in this way was brought up to the 
flame and passed through it, the readings showed that the flame was 
invested by a non-luminous sheet of active combustion, in which the 
temperature was a maximum. At the position /, for example 
(Fig. 2), a maximum temperature of 161*1° was registered, about 
3 mm. outside the luminous sheet. Proceeding in wards, tlio tempera- 
ture fell to 1403° at the luminous sheet, and within the sheet (that is, 
between the two luminous walls) to 1100°, the fall afterwards con- 
tinuing to about 700° as the soot deposit on the couple grew in 
thickness. The sheath of high temperature invests the whole flamo, 
but, as we should expect, varies somewhat in apparent thickness. At 
the position u, (quite close to the burner), a temperature of 1478° was 
recorded ou the sheath, and 1 96° within ; at ?>, 1564° and 382° ; at r, 
1560° and 641°; at <2, 1547° and 947°; at e, 1576° and 1110°; and at 
g, where the sheets from either side coalesced, 1613°. 

The measurements for the inner parts of the flame given abovo 
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have only a negative significance. It is obvious that they cannot be 
tiue temperatures, inasmuch as the wires have always to pass thiough 
the hot outer sheath of flame, and, moreover, the couple would attain 
by radiation from the outer walls a higher temperatuie than tlu 
rapid stream of gas in w hich it was immersed. The readings are not 
even comparable, as the flame varies in bieadth and thickness trom 
jioint to point in a vertical plane. All that can be said is that the 
readings give no evidence of any sudden thermal change occurring 
in the space enclosed by the mantle, and that they are in no wise 
opposed to the view that the stream of gas surrounded by the mantle 
is steadily heated as it ascends. The recorded temperatures of the 
mantle are less open to objection, but are still far from being 
accurate. As just given, they show a slight increase as the flame is 
ascended. But such an effect might result not from a real diffeicnce 
of temperature but from a difference in the thickness of the sheath. 
This is, in fact, the case. It was found that a platinum wire ot 
0*1 mm. diameter could easily be melted in the mantle at the points 
u, b, and c. It could be melted at / only at a distance of S mm out- 
wards from the luminous sheet, and at e it did not fuse in am 
position. 

These results give a temperature slope opposite to that indicated 
by the thermo-couple. The explanation is, however, very simple, 
and will be readily seen on reference to Fig. 8. At the position c, the 


FiCr 3. — Diagi ammo tic vertical tection ot co il-gas (lame iroiu union jet 
(Compare Fig 2.) 
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platinum wire is at a point corresponding to the lower pait of a 
Bt&sfrp. flamo where the cones are close together. At/ it is on what 
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corresponds to the outer cone at a point much higher in a Bunsen 
flame. A very small shift; inwai’ds will, in the first case, put the 
wire into the region of unburnt gas, and in the second case bring it 
into a space filled with products of partial combustion, which, though 
very hot, will burn afc /, producing a much higher temperature, as 
already shown. At the tip of the flarce, the constant movements 
render it impossible to discover a sharp surface of high teuipcrutmc 
and to keep the thin wire in it. 

In the thermo-couple we have an instrument which is gross com- 
pared with the fine platinum wire. At c, it is not thoroughly 
immersed owing to the thinness of the sheath, whilst at / and at the 
tip of the flame it is wholly immersed in the heated gases trom the 
lower parts of the flame. Hence it registers a higher temperature in 
the last two cases. 

Similar results were obtained with other flames, showing in each 
case the existence of an external sheath of maximum temperature. 
It is, perhaps, worth noting that when hydrogen is burnt from a flat- 
flame burner, it is possible to melt in it a platinum wire which is 
quite unaffected in a flame of hydrogen produced at low pressure on 
the end of a tube of circular section. The pressure at which the gas 
issues in the first case ensures a rapid admixture with air and the 
consequent formation of a sheath of flame, which is sharply defined 
and of appreciable thickness. In the second case, the sheath is much 
more vague. 

The chief conclusions which I desire to establish from the experi- 
ments described in this part of tho paper are as follows : — 

1. There are two chief temperature gradients in a luminous coal 
gas flame; one on a vertical axis in the region of unburnt gaset*, 
which is in all probability a steady decline from the top to the 
bottom ; the second on a horizontal axis, showing as we proceed from 
the centro of the unburnt gas a steep ascent to the point of con- 
tact with tho luminous sheath, then a still steeper ascent to tlio point 
of contact with tho mantle where the highest point is abruptly 
attained. 

2. The temperature of the mantle of a coal-gas flame is above the 
melting point of platinum, and cannot therefore be determined by n 
thermo-couple in which this metal is one element. 

3. The measurement of the average temperature of a flame is 
impracticable, and statements involving the expression can have no 
scientific meaning. 

An inspection of the foregoing results shows as forcibly as could 
be wished how vague and misleading it is to speak of tlie tempera- 
ture of any part of a flame without recording precisely how the 
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measurement lias been made. They shew, also, that the sudden tem- 
perature changes in a flame are found, not in a vertical, but in a 
horizontal plane, and consequently Professor Lewes’s measurements, 
which relate almost exclusively to points at different heights in the 
flame, do not afford a satisfactory basis either for mapping the flame 
into zones, or for any hypothesis as to the cause of luminosity. But 
the results obtained by a careful use of the thermo-couple go much 
further than this. They show that the part of a flame which Pro- 
fessor Lewes describes as “the extreme outer zone in which the 
cooling and diluting influence of the entering air renders a thin layer 
non-lnminons and finally extinguishes it,” is in reality the very hottest 
part of a flame ; and, further, they do not show a sudden increase of 
temperature at any point in the vertical plane such as might be 
expected to arise when a stream of acetylene passing upwards reached 
the point at which the temperature was sufficient to effect its resolu- 
tion into carbon and hydrogen with the disengagement of an 
enormous quantity of heat. The measurements, in fact, arc not 
favourable to the acetylene theory, but the reverse. 

On the other hand, the results obtained are entirely in harmony 
with the views I have previously expressed (Trans., 1892, 61, 217). 
I endeavoured to demonstrate that the bright blue calyx and the 
lilac mantle of a luminous hydrocarbon flame are essentially of the 
same character as the two cones of a Bunsen flame.* The tempera- 
ture measurements support this view, and show that this outer sheath 
is really a region where the combustible gas is mixed with air 
sufficiently to produce a high, temperature non-luminous combustion. 
The luminous flame must therefore he regarded as invested by a 
sheath of gas in active “ non-luminous ” combustion, and the stream 
of gas within this sheath is naturally the more heated the higher it 
ascends. 

Another point to which I desire to draw attention is, that in a 
luminous flame it is incorrect to indicate the luminosity as com- 
mencing suddenly at a certain height. A moment’s inspection of a 
candle flame will show that the luminosity begins even below the 
top of the wick, and increases steadily to a maximum intensity as we 
proceed upwards, after which it again fades. It is also incorrect to 
regard the inner (non-inminous) zone as ending a short distance 
above the wick or burner where, as a matter of tact, to the eye it 
appeal's to end. If the image of the sun be focussed on a luminous 

* An important piece of evidence os to the nature of the blue calyx to which I 
did not allude in the paper referred to, is afforded by the spectroscope. It is this 
part of a luminous flame, and this part only, which gives the “ carbon ” spectrum, 
and as is well known, the same spectrum is given by the inner cone nnly of a 
Bunsen flame. 
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flame where the light is brightest and where the luminosity seems to 
extend right through the core of gases, it will be seen, by the 
■double image produced, that there, as elsewhere, the glowing par- 
ticles constitute an extremely thin sheet, and, that so far as lumin- 
osity is concerned, the flame is hollow from bottom to top. The 
luminosity, in fact, is developed in a candle flame, except for a 
negligible distance at the base, over the whole of the flame, and the 
luminous portion is a sheath of carbon particles lying within the 
non-luminous investing sheath, and taking a glow which accords 
strictly with the view of the genesis of a flame that I have elsewhere 
laid down. 

If any further evidence were required as to the uncertainty attach- 
ing to temperature measurements in flames, it might be found in 
Professor Lewes’s own papers. Thus, for a coal-gas flamo we have in 
two separate papers the following two sets of measurements. 

* Proc. Roy. Soc.,’ * Trans. Chern. Soe./ 
1895. 1892. 

Xon-luminous zone 1023° 1014° 

Commencement of luminosity 

zone 1658 1267 

iNear top of luminous zone .... 2116 1368 

It is true that the flames were not of the same size, and therefore 
the readings might be different, yet we should reasonably expect 
them to show something like parallelism. It may also be noted that 
although Professor Lewes thinks that his figures may be from 100 rt 
to 200° too low, one of the temperatures recorded is 100° higher than 
Deville’s, and 330° higher than Violle’s, melting point of platinum — 
a metal which is one element in the thermo-couple itself. 

The Occurrence of Acetylene m Flames. 

The origin of the acetylene theory appears to lie in the observation 
made by Professor Lewes, that this gas is found among the mixture 
of gases aspirated from a luminous gas flame. This is quite in 
accordance with my own previously recorded experience (Trans., 
1892, 61, 215), and it is, indeed, quite in accordanco with general 
principles that in a region in which hydrocarbons are being subjected 
to a high temperature there should be a tendency for the formation 
of the highly endothermic acetylene. But to say that over 80 per 
cent, of the unsaturated hydrocarbons present when luminosity com- 
mences is acetylene, is likely to give a very false impression as to the 
importance to be attached to the presence of this gas. The statement 
is in accord with Professor Lewes’s published analysis, but it should 
be borne in mind that the total amount of unsaturated hydrocarbons 
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is only 1 98 per cent., and that the absolute amount of acetylene is 
therefore 1 41 per cent. Thus the gas which the flame has elabo- 
rated, and which, according to Professor Lewes, is its luminous 
essence, is a mixture of about 1*5 parts of acetylene and 0 5 of other 
unsaturated hydrocaibons with 98 parts of other gases, more than 
lour- fifths of which are actually incombustible. I am at a loss to 
understand how such a mixtuie can bo supposed to have the pro- 
perties attributed to it by Professor Lewes. 

The Cuvvpai ison of Different Flames. 

Professor Lewes states that the luminosity of two flames of given 
size, burning from the same jet, should (apart from the acetylene 
theory) be governed by (a) the temperature of the flames, (b) the 
number of carbon particles in a given area.* Subsequently, he lays 
much stress on the statement that, whilst ethylene and acetylene 
contain an equal number of carbon atoms in the molecule, and the 
flame of the former is hotter than that of the latter, yet the acetylene 
flame is much more luminous. 

Such an argument would, no doubt, have weight if we might 
legard the two flames as chemically similar. But this is far from 
being the case. If we are to decide if priori what will be the relative 
number of carbon particles in the flames of two hydrocarbons, wo 
have not only to consider the formulas of the gases, but likewise their 
diffusibility and inflammability, and the steps in their combustion 
which gives the particular conformation to their flames; the con- 
ditions, iudeed, are so complex as to invalidate all theoretical pi*edie- 
tion3 as to the total number of carbon particles. How it can bo 
supposed that anyone will legard two flames as fairly comparable 
when burning from the same jet is difficult to understand, seeing that 
it is perfectly well known, ana lias been much insisted on by Pro- 
fessor Lewes himself, that different burners are required to develop 
the full illuminating value of each particular hydrocarbon. In the 
face of this fact, in is hardly credible that anyone would grant the 
assumption, so lightly made, as to the relation between the total 
number of carbon particles ra a flame and the formula of the hydro- 
carbon. 

Professor Lewes also speaks of the temperature of a flamo as if 
it were a simple property capable of expression in a simple way, 
ignoring the fact that the temperature within a flame varies by 
hundreds of degrees at intervals of a few millimetres, and that the 
distribution of temperature zones in a flame has a special character 
for each hydrocarbon. 

* The word “ area,** judging by the context, n» imrl here, n«* elsewhere, in the 
paper to mean volume. 
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The Flame of Acetylene. 

(beat stress is laid by Professor Lewes on the ovidence deduced 
by him from observations on the acetylene flame. This flame is 
undoubtedly possessed of extraordinary luminosity, and if the 
measurements of its temperature, recorded by Professor Lewes, were 
valid, there might be some reason to seek for a new theory of lumi- 
nosity. I am, however, unable to accept these measurements as 
representing the temperature of the flame, and I cannot understand 
on what system they have been made. According to Professor Lewes, 
the acetylene flame is characteiised as much by its low temperaturo 
as by its high luminosity, yet observations I have made show that, 
like other hydrocarbon flames, it is surrounded by a non-lnminoos 
sheath of maximum temperature, and this sheath is so hot that tho 
platinum limb of a thermo-couple, which had withstood the highest 
temperatures of the coal-gas flame, melted when introduced into it. 
This is not difficult to understand, since here we have not only 
the heat of combustion of carbon and hydrogen to reckon with, 
but also the large amount of heat of decomposition of the 
acotyleue molecules. This sheet of high temperature surrounds the 
whole of the acetylene flame, and there is thus no cause for surprise 
at its high illuminating effect. It is exactly wlnit wo should expect 
from a flame consisting of a Bheath of excoodiugly high temperature 
enclosing a gas unusually rich in carbon and easily split up by heat. 
If we suppose the acetylene to be decomposed, within the flame, on 
the surface of contact of the non-lnminous sheath and the ssouo of 
unburnt gas, there would be a densely crowded sheet of carbon 
particles heated to an extremely high temperature, a state of things 
which must result in a high luminous effect, and I am not aware of 
any grounds for supposing that this is not a perfectly adequate 
explanation of the marked illuminating value of the acetylene flame. 
The introduction of a platinum wire into tho external non- luminous 
sheath of an acetylene flame shows at once that, contrary to Professor 
Lewes’s explicit statement, the temperature of tho flame, due to com- 
bustion, is perfectly adequate to produce a glow not less bright than 
that itelually shown by tho carbon particles. 

Therm ocheml evil Con side rat if ms. 

Professor Lewes maintains from his observation that the flame of 
acetylene is characterised by low temperature, and that consequently 
some fresh theory is required to account for tho high luminosity of 
the carbon liberated within it. To obtain such a theory ho has 
recourse to thevmochemical considerations which are, I believe, both 
uncalled for and incorrect. 
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He first alludes to the highly endothermic character of acetylene, 
and to the fact that when this gas is decomposed by heat the carbon 
is luminous at the moment of separation This decomposition, even 
when occurring in flames, he regards as taking place “ with a rapidity 
almost akin to detonation,” the heat evolved being confined to the 
liberated products. It is thus possible to have a highly luminous 
flame of low “ average temperature.” 

iSTow, in an acetylene flame we are dealing, according to Professor 
Lewes, with acetylene in the act of burning, and acetylene in the act 
of separating into its elements. The latter process, he states, is 
calculated to produce a temperature of over 6000° ; the former give*> 
a calculated temperature above 3000° ; it is, therefore, difficult to 
see how a flame made up in this way could possess a low average 
temperature. It surely is not supposed, because acetylene decom- 
poses w with a rapidity almost akin to detonation,” that the thermal 
effect of this operation occurring continuously in the flame is in- 
capable of being detected by the thermo-couple. 

It appears to me that the only circumstances where the argument 
at first sight seems applicable, would be where a flame of a hydro- 
carbon burning with a low average temperature contained a com- 
paratively sparse snpply of acetylene molecules. If these sparsely 
distributed molecules were supposed to undergo decomposition, and 
the heat to be localised in the liberated carbon and hydrogen, then 
there might be a number of loci of extremely high temperature 
which would have little effect on the general average. But such an 
argument would only hold good for explaining abnormally high 
luminosity if the source of light were gaseous carbon. If this view 
is excluded, and the luminosity attributed to carbon particles, then to 
form these particles the coalescence of the liberated atoms is essen- 
tial, and before this coalescence could be effected between atoms which 
are ex hypotkesi widely separated, they would inevitably have de- 
parted far from their original unique condition of temperature by 
encounters with the foreign molecules among which they are dis- 
persed. 

Professor Lewes says, “the supporters of the ‘solid particle’ 
theory of luminosity agree in concluding that the liberated carbon, 
existing as it does in a state of molecular division, is heated to in- 
candescence.” I am quite unable to understand the meaning of 
these words. Is the expression “ a solid body in a state of molecular 
division ” to be taken as a periphrasis for the word gas l If it is, 
these words sound the keynote of much that follows in the paper, 
for, whilst throughout he continues to speak of solid particles of 
carbon as the source of light in hydrocarbon flames, his theoretical 
speculations are applicable only to atoms. 
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The Alleged Liberation of Carbon from Cyanogen in Flames. 

Among the indirect evidence which Professor Lewes adduces in 
support o£ his theory is an observation with respect to the behaviour 
of cyanogen which, if correct, would be interesting and perhaps of 
importance. He points out that this gas is more highly endothermic 
than acetylene, and argues that, if raised to a sufficient temperature, 
it should be resolved into its elements with a not less striking lumi- 
nous effect than that seen with acetylene. He then describes an ex- 
periment in which a jet of cyanogen is sent up into a hydrogen 
flame, “ with the result that the flame at once became luminous, and 
on surrounding the hydrogen flame with an atmosphere of oxygen to 
increase the temperature the luminosity was considerably increased.” 
I repeated this experiment precisely according to Professor Lewes’s 
statement. A yellow luminosity was at once noticed, and it is true 
that it is not unlike what might arise from a sparse supply of carbon 
particles, but on placing a cold piece of porcelain in the flame no 
trace of a deposit of carbon was obtainable. This fact, together with 
the hue of the flame, suggested the idea that the luminosity might 
be due to the formation of ammonia by the action of the hydrogen 
on the cyanogen. This turned out to bo the case. Substituting a 
jet of ammonia for one of cyanogen in the experiment, a bimilai 
luminosity was obtained, and on arranging a double apparatus, one 
being cyanogen with hydrogen, and the other ammonia with hydro- 
gen, and observing the spectra of the two flames simultaneously in 
the field of view of a spectroscope, I found a complete coincidence 
of the lines and bands. The substitution of an atmosphere of oxy- 
gen for one of air certainly caused a brighter appearance, but this 
was mainly due to the glow of the platinum orifice and to the intro- 
duction of more sodium into the flame* As a matter of fact, the 
oxygen suppresses the formation of ammonia, and the cyanogen burns 
with a flame giving its characteristic spectrum, though slightly 
brighter than in air. 

The arguments deduced by Professor Lewes from the behavioui 
of cyanogen therefore are invalid, and instead of forming a support 
for the acetylene theory, the evidence deduced from the behaviour of 
this gas is, if anything, antagonistic to the theory. 

I subjoin a statement of the chief conclusions arrived at in this 
paper, in addition to those enumerated on p. 1055. 

1. The description of the structure of a flame adopted by Professor 
Lewes is not in harmony with the facts. 

2. There is no evidence of more than a very small percentage of 
acetylene at any point within an ordinary luminous flame (the acety- 

VOL. LXVIl, 4 I* 
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lene flame itself alone excepted) and the acetylene that is formed is 
associated with so large a quantity of other gases that there is no 
reason for supposing that it is of primary importance in the emission 
of light. 

There is no evidence of any local condition of temperature with- 
in the flame such as would point to the decomposition of acetylene 
with the evolution of much heat. 

4. The mapping of flames adopted by Professor Lewes is based on 
temperature measurements which are erroneous and of no valid 
applicability for the purpose in view. 

5. The conclusion in favour of the acetylene theory based on the 
comparative luminosity of the ethylene and acetylene flames is due 
to a neglect of the consideration that in the latter there are higher 
temperatures and a greater relative amount of carbon. 

6. The indirect evidence deduced from the behaviour of cyanogen 
arises from the yellow ammonia flame having been mistaken for one 
containing solid carbon. 

7. The theoretical arguments based on thermochemieal considera- 
tions are invalid. 

8. The phenomena of luminous hydrocarbon flames can be ade- 
quately explained without the acetylene theory. 

If the criticism which I have offered is just, then the acetylene 
theory of luminosity will share the fate of the “ dense hydrocarbon ” 
theory. We know that all hydrocarbons in contact with hot sur- 
faces deposit carbon, and this is what occurs in their flames. What 
else is produced as the carbon is deposited is, I think, after all a prob- 
lem of comparatively little interest. I have previously indicated one 
way in which it might be attacked (Trans., 1892, 51, 217), but I 
have found the experimental difficulties practically insurmountable. 
Our means of analysis are quite insufficient to deal either qualita- 
tively or quantitatively with gases containing a very small percentage 
of an unknown number of hydrocarbons, many, it may be, belonging 
to the same homologous scries. The solution of this problem must, I 
fear, be delayed for a very long time. 

In connection with this paper I have received most valuable assist- 
ance from Mr. Gr. B. Thompson, B.Se., to whom 1 here desire to 
acknowledge my indebtedness. 

The Yorkshire Colleqe y 
Leeds. 
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CXI . — Synthesis of Dipheuyloxytria&ole* 

By Georoe Young, Ph.D., Firth College, Sheffield. 


In a preliminary notice previously communicated to the Society 
(Proc., 1894-95, 124), I described a reaction which resulted in the 
formation of 1 : 5-diphenyl-3-oxy-l : 2 : 4-triazole. This substance 
is produced by the action of an oxidising agent on a mixture of benz- 
aldehyde and a-phenylsemicarbazide, and its formation may be repre- 
sented by the equation — 

C 7 H fl N 3 0 + C 7 H 6 0 + O = C 14 H u tf 3 0 + 2H*0. 

The product is a white crystalline substance which dissolves in warm 
concentrated hydrochloric acid and in dilute alkalis. Its alkaline 
solution has no action on Fehling’s solution even on prolonged boil- 
ing. Heated with phosphorus pentasulphide, it undergoes Andreoeci’s 
reaction for oxy triazoles, being reduced to a weak base of the formula 
OuHuBT* Its constitution must be either — 




and the pronounced acid and extremely feeble basic character of the 
substance would seem to make Formula II the more probable. 

As the 2 mols. of water formed iu the reaction are different in 
their origin — the oxygen atom for the one molecule being supplied by 
the benzaldehyde, that for the other by the oxidising agent — it 
seemed probable that the action would take place in two stages 
Some preliminary experiments showed that, if the conditions at ail 
approach those nnder which the formation of the diphonyloxytri- 
azole takes place, benzaldehyde and phenylsemicarbazide have, when 
all oxidising agents are carefully excluded, no action on each, other. 
The intermediate product could therefore not be a benzylidono 
derivative of phenylsemicarbazide, and the action is not, as was 
fefst supposed, analogous to that by which Bladin (Ber., 1889, 
22, 796) prepared di phenylcy anotri azole from phenylhydrazine 
dicyanide and benzaldehyde. The first stage then must be an oxi- 
dation process. It might possibly have resulted in the formation of 


* The name triazole was given to the carbon nitrogen ring, C 3 N by Bladin, 
who first described derivatives of it, and hi* nomenclature is adhered to in this 
paper, the position of substituting groups and the relative positions of the nitrogen 
atoms in the ring being Bhown according to the plan 

(l)B3M5r(2) 

:( 3 ). 


(5)HC:N (4) 


4 it 2 
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a benzoylphenylsemicarbazide, 


C 6 H 5 -I^NH-CONH, 

C«H e -CO 


which, loosing 


water in tbe second stage, would form the triazole ring; but this 
substance, when prepared by Widman (Ber., 1898, 26, 948) from 
benzoyl chloride and phenylsemicarbazide, resisted all inducements to 
the ring condensation. The failure of an attempt to produce the 
final product by the action of benzoic acid on phenylsemicarbazid e, 
shut out the possibility that the first stage might consist in oxida- 
tion of the benzaldehyde. A more successful result was obtained by 
excluding the benzaldehyde from the first stage; the action then 
took place according to the equation — 

‘ CtH^O + 0 = C 7 H 7 N 3 0 + H a O, 


the product being phenylazocarbanaide, CeHsNIN’CONJH*- This, when 
heated in alcoholic solution with benzaldehyde, condenses with it to 
diphenyloxytriazole. 

C 7 H 7 N 3 0 + CvHeO = CuHnNaO + E*0. 


These two equations represent the two stages of the reaction. It 
is true the condensation in the second stage takes place with more 
difficulty (see experimental details) when tbe intermediate product is 
first isolated, than when the two stages are allowed to proceed 
together; the ease with which the second stage takes place under the 
latter condition is probably due to the amount of heat which is 
evolved by the oxidation. 


fiWLBtUB* 1 Alt. 

1 : b-Diplieuyl-Z'O.vy-l : 2 : httiazole, 

An alcoholic solution of benzaldehyde and phenyl&emicaibazide 
was boiled for a few minutes, the alcohol evaporated over the watei 
bath, and the residue extracted with boiliug water to remove 
unchanged phenylsemicarbazide ; the white, crystalline residue wa* 
purified by recry&tallisation from alcohol. The long, white needles 
thns obtained, on analysis, gave figures agreeing with those required 
for the formula CuHn^O. The yield by this method is extremely 
small, amounting to only 4 per cent, of that theoretically obtainable 
according to the equation CtHbN^Q 4- 0 7 HgO + 0 = C U H U N' 0 -f 
2H 3 0. A much larger yield was obtained on adding an oxidising agent, 
and the following method was fonnd to give the best results, yielding 
as much as 60 per cent, of the theoretical. 

Phenylsemicarbazide* and benzaldehyde, in molecular proportion, 

* The phenylsemicarlazide was prepared from plienylhydrazine and potassium 
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are dissolved in alcohol, and boiled for a few minutes, with the addi- 
tion of an alcoholic solution of the necessary amount of ferric chloride 
(2 mol. FeCls). On adding water, diphenyloxytriazole is precipitated 
as a mass of brownish needles, which, after being collected and dried, 
are sufficiently pure for further use. The substance may be purified 
by crystallising it from boiling alcohol ; as the solution cools, the 
diphenyloxytriazole is deposited as a mass of slender, white needles, 
w hich, when rapidly heated, melt at 288°, at the same time under- 
going partial decomposition. If more slowly heated, diphenyloxy- 
triazole sublimes in long needles at about 280°. Analysis of the 
substance recrystallised from alcohol gave results agreeing with the 
formula ChH u !NjO. 

J. 0*1409 gave 0*3656 C0 3 and 0*0599 H 2 0. 

II. 0*1381 „ 0*3583 „ „ 0*0577 „ 

III. 0 2124 „ 32*8 c.c. moist nitrogen at 15*5° and 752 mm. 


Calculated for 

I. II. III. C H H n N 3 0. 

C 70*76 70*75 — 70*88 per cent. 

H 4*72 4*60 — 4*64 „ 

S — — 17*85 17*72 „ 


Specimen I was prepared by the first method, specimens 11 and III 
by the second method. 

Diphenyloxytriazole is insoluble in cold wator, only slightly soluble 
in boiling water, in cold alcohol, or boiling ether, but easily in boiling 
alcohol. It has very decided acid properties, its aqueous solution 
reddens blue litmus paper ; it is easily soluble in dilute alkalis, and 
from the solutions thus obtained it is precipitated unchanged on the 
addition of hydrochloric acid. It dissolves, on being gently warmed, 
in a solution of sodium carbonate. The alkaline solution of diphenyl- 
oxytriazole has no action on Fehling’s solution, even on prolonged 
boiling. 

The silver derivative, AgC u Hi ( ,N s O 4- II.O, is precipitated as a 
white, amorphous powder on adding silver nitmto solution to a 
neutral solution of diphenyloxytriazole in aqueous ammonia. The 
salt, if moist, gradually turns pink on exposure to light, but when 
washed rapidly with small quantities of alcohol and ether, and dried 
in a vacuum over sulphuric acid, it is stable. When heated at 110°, 
the salt gives up its molecule of water. 

0*7231 lost, at 110°, 0*0366 H 2 0 = 5*07. 

AgCtfHiaN^O + H 2 0 requires H 2 0 = 4*97 per cent. 

emanate according to the directions given by Widxnan (Ser, 9 1893, 20, 2G13. Foot- 
note). From freshly prepared materials, Jan almost quantitative jield may bo 
obtained. 
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0*6675 of the dried salt gave 0 2686 AgCl + 0 0078 A g. Ag = ,51*46 
AgOuHi 0 K s O requires Ag = 31 39 per cent 

Diphenyloxytriazole is also a weak base, as it dissolves easily in 
concentrated hydrochloric acid on warming, and the solution, on 
cooling, deposits small tufts of needles, which, when dried on a 
porous plate over caustic potash in a desiccator and analysed, gave 
figuies agreeing with the formula 0i4H u NT,0,HCl + 2H s O. 

0*4672 gave 0*2186 AgCl. HOI = 11 90. 

CuH u N 3 0,HC1 + 2H s O requires HOI = 11*79 per cent. 

The salt gives up the whole of its hydrochloric acid as well as the 
water of crystallisation w hen heated at 100°. 

0*2949 lost, at 100°, 0*0680. HOI and 2H 2 0 = 23*05 

GuHnHaOjHCl -f 2H s O requires HC1 -f- 2H»0 = 23 30 per cent 

The hydrochloride is also easily dissociated by washing with 
water. 

Acetijldijflienyloxytriazole , CuH^lSTsO (C 2 HjO) . — The acetyl deriva- 
tive was prepared by boiling the diphenyloxytriazole with acetic 
anhydride and fused sodium acetate for one hour, using a reflux con- 
denser, dissolving the product in ether, washing seveial times with 
potassium carbonate solution, and finally with water. After drying 
the liquid with calcium chloride, the greater part of the ether was 
distilled off, and the remainder allowed to evaporate spontaneously, 
when the acetyl derivative was deposited in well formed prisms, 
melting at 133°. 

0*2158 gave 28*6 c.c. moist nitrogen at 13° and 734*3 m NT = 15*12. 

CuHioNjOCCaHjO) requires N = 15*05 per cent. 

Acetyldiphenyloxytriazole is easily soluble in alcohol and ethei ; 
on boiling witb dilute potassium carbonate solution, it is rapidly 
hydrolysed to acetic acid and diphenyloxytriazole. 

Bensoyldipihenyloxytriazole , ChHjqNjO ( 0 7 H 5 0 ) . — The benzoyl de- 
rivative, prepared by boiling tbe oxytriazole with a slight excess of 
benzoyl chloride, was isolated and purified in precisely the same way 
as the acetyl derivative. It crystallises in white, flat needles, melt- 
ing at 134°. It was also prepared from the silver derivative of tho 
oxytriazole by boiling it witb an ethereal solution of benzoyl chloride, 
filtering, and distilling off the ether. It is sparingly soluble in hot 
water, easily in hot alcohol and in ether. It is easily hydrolysed by 
warming with potassium carbonate solution. 

0*238 gave 25*6 c.c. moist nitrogen at 16° and 759*7 mm* N = 12*53. 

OMHioHsOfOiHsO) requires ST = 12*31 per cent. 

Etfyldiplhenytoxyti'iazole, CuHioN\0*CaH s . — This derivative was 
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prepared by heating molecular proportions of diphenyloxytviazolo, 
potassium hydrate, and ethylic iodide (the last in slight excess) with 
a small quantity of ethylic alcohol in a sealed tube at 100° for one 
hour; it was also prepared by the action of ethylic iodide at ihe 
ordinary temperature on the silver derivative. Both methods gave i he 
same substance. It is easily soluble in alcohol and ether, slightly so 
in boiling water, and, when recrystallised from dilute alcohol, forms 
tufts of delicate white needles, which melt at 92°. 

Ethyldiphenyloxy triazole is not hydrolysed by boiling with alkalis 
or acids. 

0*19bl gave 27*8 c.c. moist nitrogen at 16° and 761*5 mm. NT = I6*ob. 
0*1924 gave 26*3 c.c. moist nitrogen at 15° and 759*4 mm. 1ST = 16*16. 

C 16 H 16 N 3 0 requires N = 15*85 per cent. 

Specimen I was prepared with potassium hydroxide, specimen II 
from the silver salt. 

Phenylasocarbamide , C 0 H 3 N;]N*GO*NH,j. 

Five grams (1 mol.) of phenylsemicarbazide were suspended in 
cold water, aud a cold aqueous solution of ferric chloride (2 mols. 
FeCl 3 ) slowly added, the mixture being well stirred. The solution 
was extracted by agitating with ether so long as the ether became 
coloured, the process being much shortened if the aqueous solution is 
saturated with ammonium sulphate. The ethereal solution when dis- 
tilled on the water bath deposited long, silky, yellowish-red noodles, 
melting at 114°; yield, 4 grains. 

0*1519 gave 38*4 c.c. moist nitrogen at 22° and 750*6 mm. JNT = 28*26. 

CflHs^CONHj* requires N = 28*18 per cent. 

Widman (Ber., 1895, 28, 1925) has quite recently prepared the 
same substance from nitrosophenylsemicarbazide, and also by tbo 
oxidation of phenylsemicarbazide with potassium permanganate iu 
dilute sulphuric acid. I find that the properties of the substance pre- 
pared as above agree witn those quoted by Widman. I would adcl 
that the aqueous solution has a slight but decidedly acid reaction to 
litmus paper, and that the phenylazocarbamide is slightly volatile 
with steam. Phenylazocarbamide is slowly formed by the action of 
moist air on phenylsemicarbazide. 

Phenylazocarbamide and benzaldehyde do not react in alcoholic 
solution at the boiling point, and the addition of ferrous chloride as a 
condensing agent is without effect ; if, however, the alcoholic solu- 
tion of the two be heated iu a sealed tube at 120° for one hour, con- 
siderable quantities of diphenyloxytriazole are formed acording to 
the equation C 7 H 7 N 8 0 + C 7 H e O = C 14 M 3 0 + H s O. The yiold u 
increased in this case by the addition of ferrous chloride. 
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C EC 

1 : o-Diphenyl- 1 : 2 : 4 -tiiazole, 

This was prepared from the corresponding diphenyloxytriazole by 
the action of phosphorus pentasnlphide according to Andreocci’s 
method (Real Accad. Lincei , 1890, ii, 209). Six grams ol‘ diphenyl- 
oxytriazole were intimately mixed with 10 grams of phosphorus 
pentasnlphide, and the mixture heated for six hours at 230 — 250° ; 
the dark brown brittle mass thus obtained was boiled with potassium 
carbonate solution, using a reflux condenser, the solution extracted 
with ether, and the ethereal solution dried over calcium chloride. 
On distilling off the ether, a brown oil was left, which rapidly 
solidified ; when recrystallised from water, it formed clusters of fine 
white needles melting at 91°. Six grams of diphenyloxytriazole 
yielded 2 grams of the pure product. 

0*2145 gave 36*3 c.c. moist nitrogen at 16° and 742*1 mm K = 19 25. 
0*1572 gave 0*4372 C0 2 and 0*0723 H*0. C = 75*84 ; H = 5*10. 

OuHn^Ts requires 0 = 76*01 ; H = 4 97 ; 1ST = 19 00 per cent. 

Diphenyltriazole is easily soluble in ether and alcohol, moderately 
in boiling water, and is sufficiently soluble in cold water to repay 
extraction of the aqueous mother liquors with ether ; it is moderately 
volatile with steam; as the substance crystallised from the steam 
distillate in thin, shining plates, it was necessary to ascertain its 
identity with the substance crystallising in needles, and with this 
object a nitrogen determination was made and the melting point 
observed; it melts at 91°. 

) 2*215 gave 37*1 c.c. moist nitrogen at 12° and 738 mm N = 19*29. 

C u H n ]Sr, requires N = 19 GO per cent. 


Subsequently the conversion of the one form into the other was 
noticed during rec vyst alii sat j on . 

Diphonyltriazole sublimes unchanged when heated above its melt- 
ing point ; it is a feeble base ; its aqueous solution turns red litmus 
paper blue, and it forms a hydrochloride and a platinochloride, both 
of which are dissociated by water. Pinner (Her., 1894, 27, 997), by 
heating benzoylbenzenylhydrazine, prepared an isomeric diphenyl - 
NH*N 

triazole, ^OCgHs, which he states to have no basic 

properties 


Bladin (Her., 1889, 22, 801) by the action of benzaldehyde on 
phenylhydrazme dicyanide, hydrolysis of the resulting diphenyl- 
cyanotriazole, and elimination of carbon dioxide, prepared a diphenyl- 
tnazole, to which, considering phenylhydrazme dicyanide, to have the 


constitution 


c 6 ff 5 *:sr*NE 2 

ON-CINE ’ 


and the intermediate products to be 
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he assigned the constitution It has been shown, 

however, by Bamberger and de Gruyter (Ber., 1893, 26, 2385) and 
by Widman (Ber.^ 1893, 26, 2617) that phenylhydrazine dicyanide 
has the constitution CaH 6 *NH'l^!C(CN) 4 NH' 2 , which would give with 

benzaldehyde, ^.^>(>CN, and the diphenyltriazole derived 
CeHs'C.jW 

from this should be identical with that which I have described above. 
But the properties quoted by Bladin are entiiely at variance with, 
those I have found in my preparation. Bladin describes his substance 
as a yellow, hard glass, which, on analysis, gave 1^ per cent, too 
little carbon, bat could not be purified as it was not volatile with 
steam, and separated fiom the various solvents as an oil. It was, 
moreover, insoluble in water, soluble with difficulty in ether, and of an 
extremely feeble basic nature. I have theiefore examined Bladin’s 
compound. The diphenyltriazolecar boxy lie acid, prepared according 
to Bladin’s directions, was carefully puidfied, first by fractional pre 
eipitation by hydrochloric acid from the solution of its ammonium 
salt, and then by repeated recrystallisations from alcohol. The pro- 
perties of the acid agreed with Bladin’ s description ; it crystallised 
in hard, colourless, flat needles, which melted with effeivescence at 
176° (Bladin gives 172 — 182° C,), and lost 1 mol. alcohol of crystal- 
lisation at 100°. 


0-3222 lost, at 100°, 0*0472. C,H fl O = 14*65. 

(C b H 8 ) 2 CJ i T 3 , COOH,C 2 H s O requires C s Hb<) = 14*79 percent. 

0*2132, dried at 100°, gave 29 3 c.c. moist nitrogen at 16° and 
756*5 mm. N = 15*94. 

(OflHs^CsNa’GOOH requires N = 15 84 per cent. 

The carefully purified acid was heated in a flask in an oil bath, the 
temperature ot which was slowly raised until the substance began to 
melt. The temperature w us then lowered to 160°, at which it was 
maintained so long as carbon dioxide was evolved. When cold, the 
light brown, viscid, syrupy product was treated with ether iu the 
cold, in which the greater part dissolved ; the residue was not crys- 
talline. The ethereal solution was filtered and evaporated, and the 
oily residue extracted with boiling water ; the aqueous solution, on 
cooling, deposited at first a considerable amount of unciystallisable, 
tany matter, and then, after standing for some horns in the cold, 
a small amount of white, needle-shaped crystals. These melted at 
b3 — 87°, and after recrystallisation from dilute alcohol at 90 — 91°, 
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The amount of substance thus obtained was too small for analysis, 
but the melting point, the solubility, and the appearance of the 
crystals deposited from dilute alcohol, leave no doubt of its identity 
with the diphenyltriazole prepared from phenylsemicaibazide. 

Dipheuylti iaztile hyili odiloride, OjJEEnN'^HCl 4- 2H 2 0. 

Diphenyltriazole dissolves easily in warm concentrated hydio- 
chloric acid; the addition of water to this solution piecipitates 
the diphenyltriazole unchanged if the warm concentrated hydro- 
chloric acid be allowed to cool, the hydrochloride is deposited in 
bunches of long thin prisms. The salt is easily dissociated b) 
washing with water or by heating to 90°. 

0 324*1 gave 01579 AgOl. HC1 = 12*37 

0*4623, at 90 c , lost 0*1141. H01 and R 2 0 = 24*68. 

OuHiJJf 3 ,HC 1 4- 2H 2 0 requires HC1=12*43 and H01 +2H a O= 24*69 p e. 

Diphenyltriazole Platinochlui tile , [CuHnN^HCr^PtCh 4- 4H 2 0. 

The platino chloride is thrown down us a yellow precipitate on 
adding platinum chloride solution to a solution of diphenyltriazole 
in concentrated hydrochloric acid. It is soluble in warm con- 
centrated hydrochloric acid, and crystallises oat, on cooling, in long, 
yellowish-red prisms, containing 4H 2 0, which are given up at 100 c . 

0 3009 gave 0*0625, Pt. Pt = 20*80. 

0*2360, at 300°, lost 0*0191. H 2 0 s 8*09. 

(O^Hn^HOlJaPtCl* H-4H a O requires Pt = 21*15 aud H a O =s 7*78 p.c. 

Andreocci investigated the behaviour of the platinochloridos ot 
phenyitriazole and phenylmethyltriazole when boiled with water, 
and when heated at temperatures from 150 c to 220° ( Ileal AcauL 
Itwc., 1891, ii, 157). He says that the platinochlorides of the pyrro- 
diazoles (Andreocci 's term for triazoles) xesemhle in their behaviour 
the platinochlorides of the pyridine series in that by the action of 
water, the salts, R-jHgPtCls, are converted into compounds of the 
type RsPtCh, which are yellow powders. The platinochloride ot 
phenylmethyltriazole, when heated to 205°, loses, besides its water 
of crystallisation, 4 mols. HOI (loc. cit p. 188) ; the phenyltriazole 
salt, on the other hand, loses its water of crystallisation at 100°, 

2 mols. HOI when heated at 150—180°, and another 2 mols. HOI at 
200—215°, but at this temperature undergoes pai‘tial decomposition. 
Widman, on reinvestigating the platinochloride of the same phenyl- 
triazole, confirmed Andreocci’s results. I have studied the behaviour 
of the platinochloride of diphenyltriazole under the conditions men- 
tioned. When heated to 180% the salt fused, became somewhat 
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paler in colour, and lost weight. When the weight remained coi - 
stant, the loss was equal to 4 mols. HOI, plus the water of crystal- 
lisation, and an estimation of the platinum in the residue agreed 
with the formula (CnHioNj^PtCh. 

0*2860 at 180° lost 0 0567. HC1 and H s O = 24*19. 
[OuHnhTsHOllaPtCU + 4H 2 0 requires 4HC1 -b 4H,0 = 23\>K 

0 2214, heated at 180 c , gave 0*0619 Pt. Pt = 27*86. 

[CuHwNsJjPtCla inquires Pt = 27*67 per cent. 

The behaviour of diphenyltiiazole platinochloride when heated to 
180 c corresponds with that of the platinochloride of plienyl ti iuzole as 
described in Andreocci’s paper. 

The behaviour of the platinochloride of diplienyltriazole when 
treated with water is in agreement with the very feeble basic pro- 
perties of the subs! ance ; when washed with cold water, the red 
colour slowly disappears, the final residue being a white powder. 
The same action takes place, only more quickly, when the platino- 
chloride is boiled with water. In both cases platinum tetrachloride 
and free hydrochloric acid can be delected in the washings, and the 
white residue is diphenyltriazole, complete dissociation of the salt 
having taken place. 

The reaction by which the diphenyloxytriazolo is formed, is being 
extended to other aldehydes as also to other scmicaibazides. 


GXLL — The Valour Pressures, Specific Volumes mul 
Critical Constants of Normal Hexane , 

By O. L. Thomas B.Sc., and Sydney YotJSd, D.Sc., V E.S., University 

College, Bristol. 

A specimen of normal hexane, prepared from propylio iodide by the 
action of sodium, was obtained from Kahlbaum, and was purified by 
one of us in December, 1893. It was shaken twice with a mixture 
of concentrated sulphuric and nitric acids; the first time the acid 
assumed a deep yellow colour and a good deal of heat was evolved, 
but the second time there was neither coloration nor rise of tempera- 
ture. The hexane was then treated three times with a strong solu- 
tion of potassium hydroxide, washed four times with water, dried 
with solid potash, and was finally fractionated 11 times from a flask 
with a long still head, the pure product being collected in two frac- 
tions (L and H). The yield of pure hexane was very good. 

Specific Gravity . 

The sp. gr. of each fraction was determined at two temperatures in 
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a Sprengel tube of the form recommended by Perkin and employed 
iii previous investigations ; the weighings were in all cases reduced to 


a vacuum. 

X. 

1 

H. 

- - A 


/ 1 1 


r~ — 


Temperature. 

Sp. gr. 

Temnerature. 

Sp.gr. 

0° 

0-67690 

0° 

0-67697 

14-9.»° 

0-66384 

15-3° 

0-66360 


Specific Graiities by other Observers . 


Name. 

Reference. 

Sp. gr. at t°. 

Calc, at 0°. 

Schorlemmer 

Annalen , 1872, 161, 275 

0-6630 at 17° 


Bruhl 

„ 1880, 200, 184 

0-6603 „ 20 

0-6778 

Zander 

1882, 214, 165 

0-6588 „ 20-9 

0-6766 

Schiff 

„ 1883, 220, 87 

0-6681 „ 10-8 

0-6774 

Laehomez .. 1 

„ „ 280, 192 

0*6985 „ 14 

0*7113 

Perfcin.* 

Traas. Cfiem. Soc., 1884, 45, 446 

0-67392 at 15715° 

0*68638 

» 

t> a n 

0-66619 „ 26725° 

0*68624 

Landolt and 
Jahn 

Zed. jpliys. Chem 1892, 10, 290 

0-66501 „ 14-2 

0-67734 


it 19 

0-66322 „ 16-2 

0-67731 

>» 

99 1] 

0-66141 „ 18-2 

0-67728 

it 

it '9 

1 

0 65977 „ 20-1 

0-67784 


The formula S* = 0 67696 — 0*0^854 1 — 0*0 S 1 1 1 agi*ees very w r ell 
w ith our determinations of sp. gr. up to 80°, and has been used in. 
reducing the above observations to 0°. 


Boiling Point 

Both fractions were frequently distilled over phosphorus pentoxide- 
and the observed boiling points are given below,* 



L. 


! H. 

1 ... ... 

Press. 

Temp. 

Corrected 
to 760 mm. 

Press. 

Temp. 1 

Corrected 
to 760 nun. 

min. 



mm 

1 


734 3 

67 8 

68*95 

■ \i\m 

67°-7 | 

69*0 

737-2 ! 

67 *9 

68*95 


67 *25 | 

69-05 

751-4 

68*55 

68*95 


67*9 1 

68*95 

749-0 

68*55 

69*05 

1 760*8 

69 05 

69*0 

760 8 

69*05 

69*0 

747-1 

68*5 

69*05 

758-5 

68*95 

69*05 




749-7 

68*55 

69*05 





1 Mean. . , 

69*0 


Mean. , • 

G9*0 


* Two different thermometers were used, about half the observations being made 
With ea<?li. 






















- SPECIFIC VOLUMES, ETC., OF NORMAL HEXANE* 1073 
The value of dp/dt at the boiling point = 22 mm. per degree. 


Boiling Points by other Observers . 


Name. 

Reference. 

Boiling point at pres- 
sure in mm. 

Reduced to 
760 mm. 

% 

1 

lot. Cl t. 


71 -5 J 

„ t 


— 

69—71 

„ t 

Phil. 2V<ms 1672, 111 

— 

69—70 

Bruhlf 

loe. ctf. 

68 *3—68 *4 at 740 

69-25 

Zanderf 

t> 

— i 

69* § 0 

Sehiff§ 

91 

68*6—68*7° at 757*16 

(58 -S 

Lachowicz|| . . . 

It 

— 

70-0 

PerkinJ ..... 

It 

— 

68 — 70 

Pawlewski% .. 

Per., 1883, 18, 2634 

— 

68-0 

Berthelot** . . 

Compf. rend , 1877, 85, 831 

— 

68-5—70 

Landolt and 
Jahnf 

loe. cit. 


68-4 


Other observations are given in Camelley’s tables of boiling points 
and melting points. 

Note on Specific Gravities and Boiling Points . 

The specimens of hexane examined by different observers weie 
obtained from various sources. The specific gravities of the syn- 
thetically prepared hexane agree fairly well together, and also with om 
determinations, but the specimens obtained from petroleum possessed 
a considerably higher specific gravity. 

The observations of the boiling point made by Briihl, Zander, and 
Schiff agree well with ours, but the others aro not very concordant, 
and in many cases the rise of temperature during distillation seems 
to have been considerable ; this iB not to be wondered at in the ca^e 
of the specimens obtained from petroleum. 

Berihelot gives the boiling point of hexane as 69°, though the 
specimen pi*epared by him from benzene boiled at 68*5 — 70 \ Ac- 
cording to Wreden (Annalen, 187#, 187, 163), hexane cannot be 
obtained from benzene by the action of hydriodic acid, the final 
product being hexahydrobenzene, b, p. 69°, sp. gr. 0*70 at 0 . 

* Prepared from hex} lie iodide by the action of zinc and hydrochloric acid. 

f Prepared from propylic iodide by the action of sodium. 

X From American petroleum. 

§ Prepared from propylic bromide by the action of sodium 

|l From petroleum from Ghtllicia. 

V Source not stated. 

** Prepared from benzene by tlie action of concentrated hydriodic acid under 
pressure at 270°. 
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Vapour Pressures at loiv Temperatures. 

The vapour pressures at temperatures below the ordinary boiling 
point were determined by one of us by the method of Ramsay and 
Young. For temperatures below 0° with fraction L, a thermometer 
by Warmbrunn and Quilitz, standardised by the Berlin physikalisch- 
technische Reichsanstalt, was employed. The effect of alteration of 
pressure on the zero point was determined and allowed for, and the 
(very small) correction for the heated column was introduced. The 
theimometer used for fraction H below 0° was standardised against 
that of Warmbrunn and Quilitz. 


Vapour Pressutes leluw the Boiling Point. 
Fraction L. 


Pres3. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 



mm. ^ 

o 

mm. 

0 

mmt 

0 

mm. 


12*1 

| -22*18 

16 *65 

-17-35 

27-2 

-9-21 

41-35 

-1*75 

13 -2 

-20*80 

19-85 

-14*55 

31-35 

-6*77 

46-35 

+0*43 

14-75 

-19*25 

23*3 

-11*88 

36-2 

-4*06 

— 

— 

43*05 

- 0-65 

156-73 

26*05 

418-1 

mm 

754-7 

68-7 

60*85 

+ 5-9 


32 *4 

504-3 

mmWm 

— 

— 

86*1 

12-95 

264*5 

38*9 

591-2 

ESS 

— 


116*9 

19-4 

333-9 

45 *1 

689-7 

65*95 

i 

l 

1 — 

1 


Fraction H. 


7*2 

-29-7 

31 *4 

- 6*5 

147-7 

24*9 

432*1 

52 *25 

7*7 

-28-75 

41*45 

- 1*5 

175 -1 

28-7 

491 *3 

55-95 

9*0 

—26*6 

52-0 

+ 2*65 

205*5 

32-45 

556-4 

59*05 

10-75 

-23*8 

64-95 

7-25 

240*9 

36 *33 

623*0 

63*0 

13-46 

, -20*4 

80-55 

11-4 

281 *1 

40*45 

695-3 

66*4 

17-35 

-16 4 

101 -3 

16*25 

325*7 

44-4 

754*8 

68*75 

23-1 

| -11*75 

122-25 

20-4 | 

377*2 

48*4 

— 

1 


The vapour pressures at high temperatures were determined with 
the pressure apparatus employed in previous researches. There 
were two series of observations, one (I) with a very small quantity 
of liquid, the other (II) with a larger quantity. 

The observed pressures (the mean of four readings in each case), 
together with those read from the curves constructed from the 
observations at low temperatures, and also tbe pressures calculated 
by means of Biot’s formula, are given in the table below. The 
constants for Biot’s formula, 

logjp = a + hot* + 
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are as follows. 

a = 0 504200, 

b = 3*207975, log b = 0*5062310, 

i* = -2*29888] log r = 0*3615166, 

log a = 0*00042355, 
log fi = 1*99588745, 
t = t°C + 10. 


Vapour Pressures . 


Temp 

Pressures. 

Temp. 

Pressures. 

Statical method. 

Dynamical 

from 

curve. 

Calc. 

Statical method. 

Dynamical 

from 

curve. 

Calc. 

I. 

II. 

I. 

II 


min. 

mm. 


mm. 


mm. 

mm. 

mm. 

mm. 

-30 

— 

— 

6*95 

7*45 

130*0 

3719 

3719 

— 

3728-1 

-20 

— 

— 


14*25 

140*0 

4G06 

— 

— 

4593*0 

-10 

— 

— 


25 *90 

150*0 

5610 

— 

— 

5606 5 

0 

— 

— 

45*45 

44-92 

160*0 

6795 

6791 

— 

6777 7 

10 

— 

— 

75*00 

74-67 

170*0 

8126 

8119 

— 

8123*0 

20 

— 

— 


119 *42 

180*0 

9650 

9631 


9659*4 

30 

— 

— 

186-4 

184-40 

190*0 


11369 

— , 

11407-0 

40 

— 

— 

276-7 

276-85 

200*0 


13347 

— 

13363-0 

50 

— 

— 



210*0 

— 

15577 

— 

150X9-0 

00 

— 



567-62 

220*0 

— 

183 00 


181330 

70 

— 

1 

787*0 

784-80 

226*0 

— 

19765 

— 

19788-0 

80 

1062 

| — 

— 


mxmm 

— 

20955 

— 

20957-0 

90 

1407 

i — — 

— 


233*0 

— 

21890 

— 

21870-0 

100 

1836 

i 

— 

1837-6 

234*0 

- - 

22220 

— 

22181-0 

no 

i 2358 

— 

— 

2358*0 

234*8 

— 

22510 

— 

22433 0 

120 


— j 


2982*1 

(critical) 






FftZfrmw ffraui of Liquid. 

The volumes of a gram of liquid were determined with tho large 
quantity of hexane in the pressure apparatus. Up to 150°, the 
volumes were read directly, but at higher temperatures they were 
calculated from observations of the volume of vapour and the total 
volume of liquid and vapour by tho method described in the Transac- 
tions (1893, 63 , 1200). 

The observed and smoothed specific volumes and the molecular 
I volumes calculated from the smoothed specific volumes are given in the 
following table. In this, as in previous papers, the atomic weights 
given in F. W. Clarke’s Constants of Nature , Part V, taking that of 
hydrogen as unity, are adopted; the molecular weight of hexane is 
therefore 85*82. 
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Volumes of a Gram and Molecular Volume s of Liquid. 


Temp. 

Volumes of a gram. 

Mol. 

vol. 

Temp. 

Volumes of a gram 

Mol 

\ol 

Observed 

From 

curve. 

Observed. 

From 

curve. 

0° 

1-47719 

1-47719 

126*77 

140 *0 U 

1 -8713 

3 -8715 

160*60 

10 

— 

1-4963 

128 *41 

150 *0 

1 -9195 

1 -9205 

164*80 

20 

— 

1*5163 

130*13 

160 *0 

1-9755 

1 -9750 

169*50 

30 

1-5375 

1-3374 

131 *94 

170*0 


2 0355 

174-70 

40 

1 -5605 

1 -5594 

133 ‘83 

180*0 

2-1050 

2 1050 

180*65 

50 

1 *5830 

1-5828 

135 *84 

190*0 

2-1885 

2*1890 

187 *80 

60 


1-6075 

137 *96 

200-0 

2-2910 

2 -2910 

196-60 

70 

1*6325 

1-6334 


210*0 

2-4250 

2*4250 

208*10 

SO 

1 -6605 

1 -6605 

142*54 

220*0 

2-6250 


225 *30 

90 

1 *6890 

1-6897 

145 *01 

226 *0 

2-8115 

2*8135 

241 *30 

100 

1 *7210 

1-7201 

147-62 




257*80 

110 

1-7530 

1 -7534 


233 *0 

3-2890 

3-2890 

282*25 

120 

1-7890 

1-7894 

153*57 

234 0 

3-4690 

3-1690 

297*70 

130 

1*8290 

1-8290 

156*96 

234*8 

(critical) 

4-2680* 

4 2680 

366 30 


Volumes of a Gram of Saturated Vapoui . 

The volumes of a gram of saturated vapour were determined by 
several methods. 

1. With the pressure apparatus, from series of leadings of the 
volume of vapour and the total volume of liquid and vapour (loc. e/7., 
compare Aniagat, Oompt. rend., 1892, 114, 1093). 

2. From the isothermals constructed from the observations of the 
volumes of unsatnrated vapour and of the vapour pressures with the 
smaller quantity of substance. 

3. By the sealed tube method (Trans., 1891, 59, 37, and Phil. 
Mag., 1895). 

The results are given in the table below, also the volumes of a 
gram read from a curve constructed by plotting the logarithms of 
the volumes against the temperatures. The molecular volumes 
calculated from the smoothed specific volumes are also given. 


* Bj the method of CoiUetet and Mathais. 
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Volume s of a Oram and Molecular Volumes of Saturated Vapour . 


Tempera- 

ture. 

i 

Volumes of a gram 

Molecular 

volume. 

Pressure 

apparatus. 

Sealed tube 
method. 

Read 

from 

ibotherms 

1 

From 

cur\e. 

I. 

II. 

f 

I. 

IT. 

60° 





402*0 


_ _ 


34500 

70 

— 

— 

297-0 

— 

— 

297-0 

25500 

80 

- 

— 

224*0 

— 

— 

224 0 

19200 

90 

— 

— 

169 0 

— 

— 

171-0 

14700 

100 

— 

— 

133 -0 

— 

— 

133 0 

11400 

110 

— 

— 

105-1 

— 

— 


9010 

120 

1 - 

— 

83*4 

— 

— 

83-3 

7150 

130 

— 

— 

66*6 

— 

— 

66-6 

5720 

140 

- 

— 

53-65 

53-1 

— 

53-7 

4610 

150 

42-95 


43-55 

43*1 


43*5 

3735 

160 

35-35 

84-85 

— 

34-8 

— 

35 *3 

3030 

170 

28-95 

28*50 

— 

28-7 

28-75 1 

28-8 

2470 

180 

28 72 

23*80 

— 

23 65 

23*75 

23-66 

2030 

190 

— 

19*35 

— 

19*35 

19-35 

19-40 

1665 

200 

— 

15-90 

— 

15-75 

15-84 ! 

15-80 

1356 

210 

— 

12*77 

— 

12-68 

12-58 I 

1 12*66 

1086 

220 

— 

9*935 

— 

9-88 

9-81 

9*89 

849 

226 

— 

8*310 

— 

— 

— 

8-31 

713 

230 

1 

7*135 

— 

7-10 

- | 

7-12 

611 

233 

— 

6*030 

— 

6-08 


(5-03 

517 

234 

— 

5*586 

— 

— 

-- 1 

5-535 

475 

J 234-81 

— 

- — 

— 

— 

— I 

4-268* 

366-3* 

1 critical j 





1 




The critical volumes of a gram and molecular volume were calcu- 
lated from the critical density which was ascertained by the method 
of Cailletet and Mathias (Compt rend., 1886, 102 , 1202 ; 1887, 104 , 
1563; 1892,115,35). 

The densities of liquid and saturated vapour, the mean densities 
and those calculated from the formula 

B t = 0*3390 - 0*000446?, 

are given below. 

It will be seen that the agreement between the observed and calcu- 
lated mean densities is extremely satisfactory. 


* By tlxe meihod of Cailletet and Mathias. 

VOL. LXV11. 4 n 
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Mean Densities of Liquid and Saturated Vapour . 


Tempera- 

ture. 

Densities. 

Liquid. 

Saturated 

vapour. 

Mean. 

Calculated. 

A 

10000 ’ 

60 ° 

0*6221 


0*3123 

0-3122 


70 

0*6122 

0*0034 

0-3078 

0-3078 

0 

80 

0-6021 

0*0045 

0*3033 


0 

90 

0*5918 

0*0059 

0*2988 

0*2989 

+1 

100 

0-5814 


0*2944 

0-2944 

0 

110 

0-5703 

0*0095 

0*2899 

0-2899 

0 

120 

0*5588 

0*0120 

0*2854 

0*2855 

+ 1 

130 

0*5468 



0-2810 

+1 

140 

0*5343 

0*0186 

0-2765 

0-2766 

+ 1 

150 

0-6207 


0*2719 

0-2721 

+ 2 

160 

0*5063 

0*0283 

0-2673 

0-2676 

+ 3 

170 

0*4913 

0*0347 


0-2632 

+ 2 

180 

0*4751 


0*2587 

0-2587 

0 

190 

0*4570 


0*2543 

0*2543 

0 

200 

0*4365 

0*0633 

0*2499 

0-2498 

_ ] 

210 

0*4124 

0-0790 

0-2457 

0*2453 

1 

220 

0*3810 

0*1012 

0*2411 

0-2409 

1 -2 

226 

0*3557 



0*2382 

+2 

230 

0*3329 

0-1405 

0-2307 

O -2304 

-» 

233 

0*3040 

0*1658 

0*2349 

0-2351 

1 +2 

234 

0*2883 

0-1807 

0*2345 

0 - 234(5 

! +1 

r 234*81 

— 

. 

— 

0 2343 


[ critical / 


1 


1 

1 


The critical constants arc thus found to be as follows. 

Density, 0-2343. Yolnme of a gram, 4*208 e.o. 

Molecular volume, 3(5C*3 e.e. 

Temperature, 234*8° 0. 

Pressure, 22510 mm. 

It is noteworthy that the critical density is almost identical with 
that of isopentane, 0*2344. 


Volumes of a Gram of Unsaiurated Vapour. 

Observations of the pressures and volumes of unsaturated vapour 
were made at a series of temperatures with the smaller quantity of 
hexane, also a few determinations of pressure and volume at the 
critical temperature with the larger quantity. 

The observations with the un sat orated vapour were made with the 
object of finding whether the isochors in the case of normal hexane 
showed any sign ot curvature. Volumes of a gram from about 8 to 
35 o.c. were chosen because the curvature of the isochors in the case 
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of iHopentanc, though always slight, was most pronounced in about 
this region. 


Pressure* auA Volume* of a Oram at (lu Critical Temperature 


Pressure. 

Volume of 

a gram. 

nun 

22461) 

5*320 

22470 

5*150 

22475 

4*979 

22490 

4-807 

22505 

4*034 

22500 

1*162 

22503 

l *290 

22520 

I 119 

22525 

3 *918 

22525 

3 *778 

22530 

3 008 

2*385 

3*137 

#85 

23250 

3*260 

3 090 


Observations* 


Tube clear throughout. 

i' » 

Faint mist in lower part of tube* 

Mist about halt way up, densest at bottom. 

Mist about two-thirds of the way up, densest below, 
but nearly clear just at bottom. 

Mist densest rather below the middle, dear at top, 
nearly clear at bottom. 

Mist densest near the middle, clear at top and 
bottom. 

Mist densest above the middle, clear at lop and 
bottom. 

Mist densest near the top, clear below. 

Mist densest a cry near the lop, clear below. 

Vm slight mist at top at first, but soon disappeared. 

Tube clear throughout. 

M »» 

It ft 


Volumes of Unmturuted Vwpom. 


Temp. 

Press. 

Volume of 
a gram. 

PV,T. 

Temp. 

Press. 

Volume of 
a gram. 

PV/T. 


nun. 

1SHWH 



mm. 

e e. 


170° 

70158 

mwmm: 

500*7 

10(1" 

11030 


188*1 


7410 


nr 


ItPTM 

-It®?* 

KEI91 


7608 

mss™ 

515*0 


IlhUS 

■f mm 



7801. 

ho ’06 

540-1 

200 


35*22 

f>84*0 


7998 

29-52 

532 *9 


WBbM 

31 *82 

670*0 

180 

7329 

35 20 

5(50 -6 



28*40 

551*2 


7(508 

32-01 

559*8 


9801 

36-13 

51J *7 


8102 

30-66 

51,8*4 


10118 

23 *88 

637 *<; 


8325 

29-52 

542*0 


11151 

21 *02 

509*8 


8566 

28*39 

530 *2 


11010 

lit *37 

489*2 


8700 

27-25 

529 *4 


12301 

18*25 

476 9 


0058 

26*12 

522 *3 


1 280 J 

17-13 

468-7 


0327 

25*00 

514*0 


13251 

16*01 

148*4 


9612 

23 -87 

506*5 

210 

8069 

35 -23 

588*0 

190 

7597 

35 *21 

577*8 


8759 

31*83 

577-2 


7967 

32 *95 

507*0 


9553 

28*41 

561-9 


8108 

30*67 

557*0 


10107 

26 *14 

050*3 


8895 

28 *40 

515*7 


10832 

23*89 

530*8 


0131 

20*13 

532*2 


11659 

21*02 

522*0 


10025 

23*88 

517 *0 


12483 

19-37 

600*7 


10319 

22 *76 

508*5 


13441 

17*14 

476 8 


10682 

21 *01 

408*7 



16*01 

i 462*6 
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Volume of Uiuat united Vapour — continued. 


Temp. 

Press. 

Volume of 
a gram. 

PY/T. 

Temp 

Press. | 

Volume of 
a gram 

pv/r. 


mm. 

o.c. 



mm. 

c c. 


210° 

14479 

14*89 

446*4 

250° 

15894 i 

17-15 

521 *3 


15023 

13-77 t 

428*5 


17446 

14 *91 

197*2 


15578 

12*65 

408-1 


18301 1 

13-79 

182*1 

220 

8319 

35*24 

594-6 


19233 

12 *67 

165 *8 


9029 

31-84 

583 -1 


20248 

11 55 

447-2 


9876 

28*42 

569-3 


21333 

10*43 

425 -t 


10877 

25-03 

552*1 


22178 

9-31 

wo-i 


12068 

21*63 

529-5 


23675 

8*19 

370-0 


13006 

19 *38 

611-3 

260 

9330 

35 *28 

<517-5 


14064 

17-14 

489 0 


10168 

31 *87 

608-0 


15241 

14*89 

460-5 


11180 

28*45 

596-7 


15876 

13-78 

443 *6 


12397 

25-03 

582-6 


16520 

12*66 

424-1 


13892 1 

21*65 

504 *3 


17173 

11*51 

402-0 


15091 i 

19*40 

519-3 


17807 

10-42 

376*4 


16502 

37*10 

531 -2 


18101 

9*86 

362 -0 


18161 

14-91 

508*0 

230 

8571 

35-25 

6U0-6 


19119 1 

13-79 

494*6 


9331 

31-84 

589*5 


20116 

12*67 

178-1 


10202 , 

28-43 

576-5 


21239 

11 *«■>») 

460*4 


11249 

25 03 

559-7 


22470 

10 43 

439*3 


12521 

| 21*61 

538-6 


23785 

9 31 

115-5 


13532 

19 38 

521-5 


25211 1 

8*19 

387*4 


14687 

37 34 

500 -C 

270 

9572 i 

35*29 

622 0 


35970 

14*90 

473-0 


10488 , 

31*88 

613 *4 


16682 

13-78 

457-0 


11500 

l 28*16 

602-6 


17425 

12*66 

438-5 


12821 

1 25*05 

591 -5 


18206 

11*64 

417-8 


14335 

1 21*66 

571 *7 


39004 

10*42 

393-8 


15604 

' 19*41 

557 *6 


39761 

9*30 

365 -5 


17095 

17*L6 

540 3 


20446 

8*18 

337-5 


18861 

11*91 

518*0 


20731 

7*02 

314-1 


19869 

13-79 

504 *7 

240 

8822 

1 35*26 

606 3 


20997 

12*67 

190*0 


9599 

31*85 

596-1 


22191 

11 *56 

172-3 


10530 

28*43 

083-6 


23562 

10-13 

152*8 


31642 

25-03 

668-1 


25072 

9*31 

130*0 


12989 

21 64 

547 ■» 


26721 

8*19 

403*1 


14061 

19-39 

531 -5 

280 * 15 

0773 

35-29 

623-2 


16287 

17 *15 

511 -0 


10701 

31 89 

616*5 


16720 

11*90 

485 7 


11701 

28*16 

606*5 


17606 

13-78 

470-8 


13110 

. 25*06 

593-6 


18362 

12*66 

453-2 


1 1739 

1 21*66 

576 *8 


19263 

11*55 

433-6 


16087 

19*11 

561*2 


20191 

10*43 

410-4 


17658 

17*17 

517*7 


21123 

9*31 

383-2 


19540 

14*92 

526 *7 


22131 

8-10 

353-1 


20638 

13*80 

5U-5 

250 

9076 

35-27 

612-0 


23847 

12*67 

500-3 


9888 

31 *86 

602-1 


23181 

11*56 

48M 


10864 

28*44 

590-8 


24696 

10-11 

465-7 


12027 

25*04 

075-9 


26377 

9 32 

441*0 


13449 

21 -65 

557-9 


28266 

8*19 

418-5 


14569 

19-40 

540-3 
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It is customary to map the volumes of a gram of unsaturated 
vapour against the piessure as in the well-known Andrews’ diagram , 
but in this ease the values of PV/T wore mapped against v*«. In 
this way more regular curves are obtained, and the process of 
smoothing is simplified. The values of PV/T were read at values of 
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Value* of dp /dt ( as b) at Definite Volume. 
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iH corresponding to definite volumes, and the pressures were calcu- 
lated from the data so obtained. 

The results are given on the preceding page, also the values of 
Jpjdt (b in the formula of Kamsay and Young, = />T — a). It* 
will be seen that dpjdi is nearly, but not quite, constant as each 
volume, diminishing slightly with rise of temperature. The devia- 
tions from constancy appear to become smaller as the volume 
increases. In these respects normal hexane resembles isopentane. 

The absolute temperatures and the molecular volumes of liquid and 
saturated vapour were read from the curves at a series of pressures 

corresponding ” to those given in previous papers ; from these data 
the ratios of the temperatures and volumes to the critical constants 
were calculated, also the ratios of the actual to the theoretical dens- 
ities of saturated vapour. 

For the sake of comparison, the ratios for isopentane and benzene* 
the other two hydrocarbons previously investigated, are given in 
addition to those of normal hexane in the following tables. 


Absolute Temperatures , Molecular Volumes , and Ratios of Actual to 
Theoretical Densities of Saturated Vapour at “ Corresponding ** 
Pressures. 


Ratios to 
critical 
pressures. 

Pressures. 

Absolute 

tempera- 

tures. 

Molecular volumes. 

Ratios of actual to 
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It will be seen that there is a very fair agreement between the 
iatios for the three hydrocarbons. 

The ratios of the absolute temperatures to the absolute critical 
temperatures are somewhat higher for normal hexane than for eithei 
isopentane or benzene. With regard to the comparison with isopen- 
tane, it may be pointed out that, in the case of the ethereal salts, the 
ratios increase with rise of molecular weight in any homologous 
series, also that in the comparison of mcthylie butyrate and mothylic* 
isobutyrate, the ratios for the iso-compound ai e slightly lower than 
for the normal salt. It seems not unlikely that the paraffins may be 
found to resemble the ethereal salts, at any rate as regards the influ- 
ence of molecular weight. 

The agreement with benzene in the ease of the molecular volumes of 
liquid and saturated vapour is extremely close, and with isopentane 
it is fairly so. Here again it may be pointed out that uo connection 
could be traced between the volume ratios for the ethereal salts and 
the molecular weights, though in the case of isomeric ethereal salts 
the ratios appeared to depend to some extent on the chomical consti- 
tution. Thus, the ratios of the volumes of liquid to the critical 
volume are higher for methylic isobutyrate (the only iso-compound 
investigated) than for any of the nine normal sails, whilst for the 
saturated vapour the ratios are lower than for any of the others. So 
also with the two paraffins, the ratios of the volumes of liquid to the 
critical volume are higher for isopentane than for normal hexane, and 
for the saturated vapour they are lower. It is hoped that an in- 
vestigation of the thermal constants of other paraffins may throw 
further light on these points. 


CXIII . — Some Constituents of the Hoot of Polygonum 

cuspidatum. 

By A. G. Pehotn, JUL&H. 

Among the different varieties of the species Polygonum, that best 
known is perhaps the P. tinctorium , the leaves of which aro used as a 
source of indigo in China, Japan, and some parts of Russia, Of 
others, the P. aviculare and barbatmi yield a blue colour, probably 
indigo, and the P. hydropiper and tortomm are said to contain a yellow 
colonring matter; moreover, the roots of some of these varieties 
possess medicinal value. 

The P. cuspidatwn , which is common in parts of India, China, and 
Japan, has evidently attracted but little attention, the only ref oronce 
found bearing on its properties being the following, contained in a 
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pape v (Journal Royal Oh hut U much of Royal Asiatic Howie h/, 22, New 
Series, No. f>, L887), by A. Henry, M.A., L.R.O.P., entitled “ Chinese 
Names of Plants,” “ Kao -yen, wu-teu, name at Patring for the root 
of P. cuspidal mu, which is said to be used for dyeing yellow.” 

During the removal of some of this plant from my garden, my 
attention was directed to the root on account of its strong colour 
internally and its somewhat close resemblance to madder and morinrftt 
root. As much as could ho obtained was therefore collected for 
•examination, and for a further quantity I am indebted to Mr. Richard 
Reynolds, P.1.0., of Leeds, by whom the plant was originally intro- 
duced into this district. The roots vary in diameter from J in. to 
1 in. when fresh, and consist of a thick succulent bark, internally erf 
an orange-red colour, and a central light yellow, woody portion ; tin* 
former, on drying, shrivels considerably and becomes lighter in tint. 
As examination showed that the woody portion contained but little 
•extractive matter, the bark only was preserved, and of this in the dty 
condition GOO grams was obtained. 

WxrKKIMKNTAL PANT. 

The UbacosUla Volyganhi. 

The gronnd loot bark was extracted twice with 10 times its weight 
•of boiling alcohol for six hours, and the resulting orange-brown 
extracts evaporated to a small bulk. Tho residual liquid, from which 
nothing separated out on standing, was treated with waiter and 
-extracted with ether, tho ethereal solution being placed aside for 
subsequent examination. Tine addition of baryta water to the aqueous 
liquid produced a dirty white* precipitate, which was removed by 
(ilt/ration, and washed with water until the washings were nearly 
colourless. The deep red filtrate, after boing neutralised with aootie 
acid and saturated with common salt, was extracted with a large 
volume of othylic acetate, and tho exiwicfc evaporated ; as the solu- 
tion became concentrated, a brown gelatinous precipitate commenced 
to separate, and a further quantity was deposited on cooling. This 
product, which appeared undor tho microscope as a mixture of gela- 
tinous and crystalline matter, was collected, rinsed with othylic 
acetate, pressed, and dissolved in boiling alcohol, it being necessary, 
however, to previously grind tho mass into a thin cream with the 
solvent, otherwise complete solution could only be obtained by pro- 
tracted digestion. On evaporating to a small balk and cooling, the 
liquid deposited a gelatinous matter ; directly this ceased to form, it 
was rapidly filtered, and the crystalline substanco which separated 
from the filtrate was eolleeted and purified by crystallisation, from 
acetic acid. The gelatinous portion, when dissolved in boiling alcohol 
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and treated in the manner above described, yielded more of the 
crystalline matter, the operation being repeated until at length crys- 
tals could no longer be obtained from the gelatinous matter which 
separated; the latter was then placed aside for subsequent examina- 
tion. Analyses of distinct preparations of the crystalline substance 
gave the following numbers. 

0T151 gave 0*2460 C0 2 and 0*0510 H 2 0. 0 = 58*28 ; H = 4*92. 

0*1091 „ 0*2340 „ „ 0*0495 „ C = 58*48 ; H = 5*04. 

01095 „ 0*2325 „ „ 0*0495 „ C = 57*90 ; H = 5*02. 

C 2 iH 20 Oio requires 0 = 58*33 ; H = 4*03 per cent. 

It consisted of a glistening mass of orange-yellow needles, which, 
when heated, softened at 200° and melted at 202 — 203°. Prom its 
solution in boiling alcohol, in which it is but sparingly soluble, it is 
deposited in a gelatinous condition if rapidly cooled, but when left 
to cool slowly it separates as a bulky mass of ham-like needles. 
Boiling water and ethylic acetate dissolve it sparingly, and it is 
almost insoluble in ether. With cold dilute alkalis or baryta water, 
it yields orange- red liquids, and by treating a boiling alcoholic 
solution of the substance with alcoholic potash, the potassium deriva- 
tive separates, on cooling, in the form of red, flat, microscopic 
needles. The lead salt, an orange-red amorphous powder somewhat 
soluble in boiling water, is foimed when lead acetate is added to an 
alcoholic solution of the substance. 

]$modhi. 

Experiment soon revealed the fact that the above-described snb- 
stauce was a glucoside, and, in order to determines its nature, its 
solution in GO per cent, alcohol was digested at the boiling heat with 
a small quantity of hydrochloric acid. During this operation, the 
light yellow liquid quickly became orange-red, and crystals sepa- 
rated; when the action bad ended, boiling water was added a liitlo 
at a time, and the mixture allowed to cool. The product was col- 
lected, washed with water, and dried at 120 °. 

0T224gave 0*2980 C0 2 and 0*0450 H a O. 0 = 6G*39; H a 4*08. 

O 15 H 10 O 5 requires 0 = G 6 * 6 G ; H = 3*70 per cent. 

Thus obtained, it formed orange-red needles readily soluble in 
alcohol ; it melted at 253 — 254°, and sublimod at higher tempera- 
tures with partial carbonisation. When distilled with zinc dust, a 
sublimate of greenish leaflets was produced, which, after* crystalli- 
sation from alcohol, melted at 203°, and appeared to be identical 
with a-methy lanth ra cene . Dilute alkalis and ammonia dissolved 
it with a red coloration, but it was almost insoluble in baryta water. 
The alkaline solutions when boiled with zinc dust became yellow, 
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Imt on exposure to air regained their original tint. When it was dis- 
solved in nitric acid (sp. gr. 1*54) and the solution evaporated to a 
small bulk and cooled, a semi-solid mass was obtained which crystal- 
lised from acetic acid in long, thin, orange-yellow needles. This 
product dissolved in solutions of tho alkali hydroxides with a red 
coloration, decomposed with a slight explosion when strongly heated, 
and evidently consisted of a niton-derivative. To convert the sub- 
stance OnHioOe into its acetyl compound, it was digested at the boil- 
ing temperature with a small quantity of acetic anhydride for three 
hours. On cooling, crystals separated, which, after recrystallisation 
from alcohol, formed lemon-yellow needles molting at 189°. Suffi- 
cient. was not available for analysis. These results showed that tho 
substance OmHioOs is tonodin, a trihydroxy-a-methyianthraquinone, 
existing in rhubarb root (Do la Hue and Muller, /. Vhem, H >W., 1857, 
10 , 298), and also in the bark of Rhumnus J'nmguht, as n glueosidc 
(Trans., 1892, 61 , 1 , Thorpe and* Miller). Tlio aootyl-oniodin molts 
at 190° ( Liebermann, Ann., 1876, 183 , 161), and it has been previously 
shown (Trans., 1894, 65 , 984) that cinodin reacts with nitric acid to* 
form a intro-derivative. 

A determination of the amount of emodin produced by the hydro- 
lysis of tho glueosidc gave the following result. 

0*8858 glueosidc yielded 0*2885 emodin, or 6L*82 per cent. 

This result is in accordance with the following equation : — 

tV*»O w + H|0 = CM), + 

which mjuires (52*50 per cent, of emodin. 

The filtrate from the emodin, after neutralisation with silver car- 
bonate and evaporation, yielded an almost colourless syrup, but 
obviously in too small a quantity for purification. A solution of tho 
suhstanee reacted with phenyl hydrari no acetate, on gently wanning; 
lemon-yellow aggtegates of an osaaone being deposited on cooling* 
Tho examination of this glucose must bo deferred until more raw 
material is forthcoming, 

Fmnguliu, the only glueosidc of emodin hitherto known, and found 
in IthanniHs framjnla , is not identical with the above. When hy- 
drolysed, for instance, it yields emodin ami rhamnose (Thorpe and 
Miller, lor. rft.), 

CMOo + IlaO = CiftllutOa + CoHjoOft, 
a reaction which requires 64*9 per cent, of emodin, and its difference 
in composition (CaiHsoOu requires 0 = <50*57; H = 4*80), crystalline 
appearance, solubility, and other properties from tho glueosidc 
found in Polygonum, cut>piilatum 9 show clearly that they are distinct 
substances. 1 propose to give the name polygon in to this new glueosidc 
of emodin from tho Vohjgtmmn cmphlatnm. 
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Emodin Monomethyl Ether. 

The gelatinous residue obtained during the purification of the 
polygonin, had the properties of a glucoside, but as the quantity 
obtained did not exceed 0*1 grata, it could not be examined in this 
condition, but was at once hydrolysed by digestion with dilute 
hydrochloric acid, when a dirty, orange-coloured cry still line product 
was obtained; this, by crystallisation from alcohol was separated 
into emodin, which is readily soluble, and a second substance, 
characterised by its sparing solubility in this liquid. By recrys- 
tallisation, the latter was obtained in yellow needles molting at 19 V\ 
though from more dilute solutions it was deposited in leaflets. It 
differs from emodin, also, in that it is insoluble in dilute ammonia, 
and almost so in alkalis of moderate strength. Its solution in sul- 
phuric acid is also slightly bluer than the corresponding solution 
of emodin. While examining this substance, I was struck not only 
by the nearness of its melting point to that of emodin methyl ether 
(m. p. *200°) found in the root bark of tbe Ventilago madraspatana 
(Perkin and Hummel, Trans., 1894, 65 , 982), but also by the simi- 
larity of their appearance and properties. The quantity of substance 
available for experiment was only 0*05 gram, and, as the question of 
its identity could not be decided by analysis only, it was thought 
better to test its behaviour with sulphuric acid at 160° ; for, in case it 
were the emodin methyl ether, it would thus yield emodin. The 
product of the action of sulphuric acid was accordingly treated with 
water, and the dirty, orange-coloured precipitate thus produced was 
collected and purified, first by crystallisation from dilute alcohol, nnd, 
finally, from toluene. The orange-coloured needles thus obtained 
melted at 253 — 254°, dissolved roadily in ammonia, and, without 
doubt, consisted of emodin. It therefore follows that the substance 
melting at 199°, obtained from Polygonum nwpidahim,, is identical 
with the emodin monometbyl ether which exists iu Vmfiluya 
madrcujpatana. In the former it is present in tho condition of 
glucoside, but, as previously shown (he. ciL), it oxisls in tho latter 
root in the free state. 

It is interesting to note that Sobwabe (Arch. Pham 1888, 26 , 509), 
and subsequently Thorpe and Miller (Trans., 1892, 61 , 6), isolated 
from the bark of Bhamnua j'rangula not only fraugulin, but a second 
substance, to wbicb they respectively assigned the molting points 199'’, 
and 202 — 203°, and this was considered by the latter authors to be 
probably a trihydroxymetbylanthz*aquinone isomeric with emodin. 
The properties of this substance agree very closely with those of tho 
emodin methyl ether above described, and it appears possible that 
they may be identical. Experiments will be instituted with Bhcmmu 
frasigula to decide this point. 
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The Wax. 

The ethereal extract, obtained during the isolation of the gltico- 
side, was extracted with dilute alkali, the rod-coloured extinct 
neutralised with acid, and the orange-red flocks thus formed were 
collected and purified by crystallisation from toluene ; the product 
consisted of orange-coloured needles melting at 258 — 254°, and had all 
the properties of emodin. The quantity of emodin obtained from iho 
root in tbo free stato was exceedingly small. 

As the remaining ethereal solution appeared to contain a wax, it 
was evaporated to dryness, and the colourless sticky residue dissolved 
in a small quantity of boiling alcohol. On standing, the solution 
deposited warty nodules, and these wore collected aud purified by 
further crystallisation. The pj*oduct consisted of beautiful, colourless 
leaflets which resembled phonauthrene in appearance, and melted at 
184 — 185°. In melting point* and propoKies it appeared identical 
with the wax existing in the root bark of the JMorinda mn India fa 
(Perkin and Hummel, Trans., 1804, 65, 867), and, though iho 
quantity obtained was very small (O'OC gram), it appeared evident 
that, if the two were identical, an analysis would yield numbers agree- 
ing approximately with those formerly given (lm\ n't.). This proved 
to be the case. 

0-0586 gave 0-1685 00, and 0*0560 11,0. 0 «= 88 1» j LI =a 1 1*61). 

OjsH^O requires 0 =ss 88-08; H as 10*75 per cent. 

The wax contained in the root of the Ptdygonmn cunjpidatnm is, 
therefore, idontical with that existing in the root of Morinda uwbtdlala* 

The chief constituents of the root of Polygonum rmtpidahim arc thus 
shown to be a gluoosido polygoniu, OiiH«Ao> which yields emodin 
on hydrolysis, also fiw emodin, an emodin monomothyl ether, and a 
wax, O w EW). In containing emodin, it shows a chemical connection 
with tho rhubarb root, ami with tho bark of R ham nan fmngufti in con- 
taining emodin mothyl other; also a connection with Vvntilago madias* 
pal ana root, and a similar relationship with tho Marin da nmbellala^ 
in that they both contain idontical waxes. 

Dyeing experiments with the root, using mordanted calico, showed, 
as was to be expected from the chemical examination, that it was 
devoid of useful tinctorial properties ; faint, dull shades weie ob- 
tained, evidently due to the presence of a small quantity of tannin 
matter. It is thus evident that no yellow colouring matter is preseut 
in this portion of fcho plant. Examination, however, showed tliai 
the leaves contain a small quantity of a substance whioh yields 

* The melting point of this wax given in the former paper is 1 S 4 — 125 °, an error 
which appears to have arisen during the correction of tho proof sheets. 
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yellow shades with alumina mordant, and it is possible that some 
confusion has arisen between the leaves and the root with regard to 
this property. 

It is my intention to study the constituents of the roots of the 
Polygonum bistorta and Hume# nepalensis — members of two close ly- 
.allied species. 

ClothworkerJ Bebearch Laboratory , 

Dyeing Department , 

Yorkshire College. 


CX1V . — A New Series of Hydrazines. 

By Frederick: D . Chat taw ay, B.A., and Harry LncHjP, B.Sc. 

Since the discovery of the primary and secondary hydrazines, 
they have become of such importance as synthetic agents, and the 
results to which their employment has led have been of such magni- 
tude that other substituted derivatives of hydrazine have been but 
little studied. 

Theoretically, hydrazine can yield live series of substituted 
derivatives, the primary, secondary, symmetrical and unsyminetrical, 
tertiary, and the quaternary. 

HJSr-HH, ; RHH-NHo ; AHN'STHH ; RJN'NH, ; 

Hydrazine. Prim ah . Secondary Secondary 

symmet rictil. unsymmet rical 4 

RJST-HHR ; R 2 H-NR.j 

Tertiary . Q uut ernary . 

Actually only three of these series are known, the primary, l In* 
secondary symmetrical, usually known as the hydrazo-compounds, 
and the secondary unsymmotrical. Ho simple method o£ obtaining 
members of the other series has hitherto boon described, and in spilt* 
of many efforts, only isolated mixed derivatives have been produced. 

The present paper is the introduction to an investigation of tin* 
tertiary and quaternary hydrazines which the authors have under- 
taken, these bodies being of great interest, not only as a new series of 
well-defined compounds, but also on account of their probable bearing 
on the theory of the stereo-isomerism of nitrogen. The quaternary 
hydrazines alone will be dealt with in this paper. 

These compounds can be obtained from the secondary amines by a 
simple general reaction, which renders it possible to prepare any tetra- 
derivative of hydrazine containing either similar or dissimilar radicles, 
the constitution of the compound following with certainty from its 
mode of formation. 
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The secondary amine is treated with sodium or sodium ethoxide, 
whereby the hydrogen atom is displaced by sodium. 

2R 8 NH + 2tfa = SBjNHTa 4- H 8 . 

The equivalent, quantity of iodine is then allowed to act on this 
sodium compound when the sodium atoms are withdrawn, and the 
two amino residues unite to form the quaternary hydrazine. 

2RJNNa + r 8 = R 2 N-NR* + 2NaI. 

The compounds which have so far been carefully examined aie 
those containing simple aromatic residues. They are solid, stable 
substances, easily obtained in large, measurable crystals, and behaving 
•exactly as would bo expected from their constitution. They are not 
easily oxidised, and scarcely, if at all, basic, but appear to yield 
double hydrazonium compounds, and bases analogous to those formed 
from the tertiary aminos. The percentage composition of these 
hydrazines and their molecular weights, determined by Raoult’s 
method, agree well with the theoretical, and the yields are very 
good, being in some cases nearly quantitative. 

Teir<iL>1ieuylhy(lrasine t (0 8 I I 5 ) a N*N (0 8 1 U* 

Tn the preparation of this compound, di phony lam itio (meltiug point 
f>4°) is dissolved in about 10 times its weight of dry oilier, and twice 
the theoretical amount of sodium ethoxide, shaken up with eilior or 
•dissolved in the least possible quantity of alcohol, is added ; the clear 
•solution of the amine becomes turbid, and a white, bulky precipitate 
•of the sodium compound is thrown down. 

(C fl H 5 ) 3 NH + CJVONa = (0.11i)iNHn + (WfrOlI. 

To this is added, after a lapse of 12 hours, a quantity of iodine, 
•dissolved in ether, and equivalent to the amount of sodium used ; 
sodium iodide is precipitated, the hydrazine remaining dissolved in 
the other. 

2(CeH*) 8 NNa + 1* = 2Nal + (U e H*)*W-N(O 0 II ft V 

After having boon left for a few hours, the ethereal solution is 
poured off, washed with water and very dilute sodium carbonate 
solution, and dried ovor fused calcium chloride. On distilling off the 
bulk of the ether, and, if necessary, adding a little hot alcohol, the 
hydrazine separates as a brownish, crystalline powder. It may be 
purified by repeated roorystallisation from chloroform and alcohol. 
As the hydrazine is very easily soluble in chloroform, the opera- 
tion is host carried out as follows. The compound having been dis- 
solved in a small quantity of warm chloroform, about five times its 
bulk of hot alcohol is added to the solution, and the whole allowed to 
•cool gradually $ the hydrazine then crystallises out in long ortho- 
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rhombic prisms of a faint brown or flesh colour. The slight coloration 
is apparently dne to some very small adraixtm'e of impurity, which 
cannot be got rid of by recrystal] isation, but varies somewhat with 
the nature of the solvent. 

Tetraphenylhydrazine is easily soluble in benzene, chloroform, and 
acetone, slightly soluble in hot alcohol, and insoluble in water. It 
melts at 147°, with slight decomposition. It dissolves in hot, glacial 
acetic acid, giving a violet solution, from which no salt crystallises 
out, and the compound, on dilution, seems to be reprecipitated in an 
impure form. It dissolves easily in cold, concentrated, sulphuric 
acid, giving a deep purple solution, which, on exposure to the air, or 
on heating, changes to a deep indigo blue. Pel ding’s solution, boiled 
with the finely powdered hydrazine, shows no sign of reduction. 

The results of the analyses agree well with the formula, as does 
also the molecular weight found. 

0-3082 gave 0*9702 C0 2 , and 0*1641 H*0. 0 = 85*85 3 H ss 5*93. 
0*3680 „ 26*4 c.c. moist nitrogen at 20°, and 768*5 mm. If 53 s 8*29* 

(CsHs^Na requires 0 = 85*71 ; H = 5*95 ; N = 8*33 por cent. 

The molecular* weight was determined by Eaoult’s method, using 
benzene as a solvent. 

0*6718 gram of the substance dissolved iu 21*9 grams of bonzone, 
lowered the freezing point by 0*46°. 

0*6718 gram of the substance dissolved in 33*9 grams of benzene, 
lowered the freezing point by 0*3°. 

These give the molecular weight as 327 and 321 respectively, 
whilst the formula (CcH^N. requires 336. 

Measure limits of Crystals. 

Dr. Lapworth, who very kindly undertook the examination of tin* 
crystals, has communicated to us the following details* 

Crystalline System : Orthorhombic. 

<r : b : c = 0*6301 : 1 : 0*9325. 

Fia* X. 

Forms observed : 

c {001} 

h { 101 } 

m { 011 } 

e { 031 } 
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The following angular racasnrumoim wore obtained. 
No. of 


Anglo. « 

obborvahons. 


Limits. 


Mean. 

Calculated. 

wh - Oil : 101 

24 

1U J 

1'— 11 %° 

18' 

Ill 0 13' 

— 

mo - Oil : 001 

20 

42 

50— 43 

10 

13 0 

— 

ok « 001 : 101 

14 

55 

U - 56 

5 

55 50 

55° 56' 

kh * 101 : lOT 

11 

07 

58— 68 

20 

<i8 10 

OS 8 

mm ■= Oil : Oil 

10 

03 

50 — 04 

l 

N.J 58 

94 0 

mp Oil * 031 

14 

27 

It — 27 

25 

2? 20 

27 20 

pp - 031 : 031 

6 

39 

15— 39 

36 

39 23 

39 20 

Jcp - 101 s 031 

6 

79 

1— 79 

21 

70 10 

79 8 

mm = Oil : Oil 

20 

85 

46— 85 

15 

80 0 

80 0 


Tetraphenylhydi-azme crystallises in prisms, the faces of which, as 
a rule, give excellent images. The predominant forms are w{0ll) 
and £{101}, the forms r{001} and jp{031} are usually also present, 
but less dovoloped. 

The acute optic axial bisectrix emerges through c{001}, the axial 
plane is a{100}. The axial angle is very small, so that a hasty 
examination of tho interference figure, with a i/10 in. immersion 
objective gives tho impression that the crystal is uniaxial. The 
double refraction is strong and negative, and tho dispersion is fairly 
strong. The crystals show no obvious cleavage. 

Tetraparaiolylhydrwim, (0«ll4 a 0H*)»N*N( C 8 H 4 -CI f a ) s . 

In the preparation of this substance, paraditolylamine (molting 
point 79°) is dissolved id 10 times its weight of dry ether, twice tho 
theoretical amount of sodium ethoxido suspended in ether is added, 
and tho mixture loft for about 12 hours. A. quantity of iodine equiva- 
lent to the sodium used is added, and after a fow hours tho ethereal 
solution of tho hydrazine is treated as in the preparation of tho 
phonyl compound. On distilling off most of ilie other, and allowing 
the residue to cool slowly, the totrapaniiolylhydrazino crystallises out 
in nearly theoretical amount ; it may bo purified by recrystallisatiow 
from a mixture of chloroform and alcohol, and finally from acetone; 
from the latter solvent it separates in very fine, mouoelinie tablets. 
The crystals are soft and brittle, very much like rosin in behaviour, 
and of a pale-yellow colour. It melts at 133°, decomposing 
slightly, tho melting point appearing to vary somewhat with the 
rapidity of heating. It is very readily soluble in benzene, chloroform 
and acotono, slightly in hot alcohol, and insoluble in water. Cold, 
concentrated sulphurie acid readily dissolves the hydrazine, giving 
a brilliant azure blue solution, whioh only slowly alters on exposure 
to air. The addition of a little nitric acid changes this to greon, and 
finally to brown. No reduction takos place when the finely pow- 
dered hydrazine is boiled with Fehling’s solution. 

too. iixvn. 4 x> 
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The n umb ers obtained for its composition, and molecular weight 
agree closely with the theoretical ones, whilst the constitution is 
established by its mode of formation 

0*2155 gave 0*6651 CO, and 0*1344 H,0. C = 85*76 ; H = 7*07. 

0 3317 „ 21*6 c.c. moist nitrogen at 20 and 750*6 mm. 1ST = 7*34. 

(CsHi'CH,)^ requires C = 85*71 ; H = 7*14 : NT = 7*14 per cent. 

The molecular weight was deter alined by Raoul t’s method, using 
benzene as a solvent. * v 

0*5212 gram of the hydrazine dissolved in 23*96 grams of benzene, 
lowered the freezing point by 0*265°. 

This gives 402 as the molecular weight, whilst the formula 
(CeH^CEtOiN'jj requires 392. 

Measurements of Crystals. 

Dr. Lapworth has furnished us with the following desciiption of 
the crystals. . * 


Crystalline system : Monoclinic. 
a : b : c = 2 3217 : 1 : 2*6330. 
p = 59° 45'. 

Forms observed : 

Fig. 2. 


« [ 100 ] 

c {001} 

m {101} 

Z {102} 

p {ill! 

« {Ollj 



No. of 




Angle. 

observations. 

limits. 

Mean. 

Calculated 

cm =001:011 

16 

6(5“ 5 — 60° 56' 

66° 16' 


an = 100* : Oil 

16 

78 11—78 31 

78 18 


cm — 001 s 101 

8 

6(5 14— 66 36 

66 22 

— , 

nn = 011 : Oil 

b 

47 13 —47 40 

47 28 

47° 28' 

ac — 100 : 001 

6 

59 41—59 46 

59 43 

59 45 

am = 100 : 101 

6 

53 23—53 57 

53 40 

53 53 

mq = 101 : 1C2 

3 

31 50 —32 6 

31 59 

31 50 

cq = 001 : 102 

3 

34 15^-34 31 

34 20 

34 26 

np =011:111 

2 

40 25 —40 34 

40 29 

40 32 

np *011:111 

0 

26 8 —26 21 

26 13 

26 13 

op w 100 ; 111 

6 

74 58 —75 39 

75 24 

75 29 

nq =011:102 

4 

69 3 —71 3 

70 22 

70 37 

rn = 101 : Oil 

2 

80 31—80 39 

80 35 

80 42 
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No of 


Anglo. 

ob^mations. 

Limits. 

Mean. 

Calculated. 

PQ sss 100 : 102 

3 

68 50—69 ID 

69 3 

68 51 

mn =ss 101 : Oil 

G 

09 12 —00 35 

90 25 

90 18 

cp « 001: 111 

4 

00 30 —90 50 

m 41 

91) 49 

pm =ss 111 : 101 

4 

Ot 40—61 51 

61 44 

61 49 

pp « U1 .III 

2 

50 12 —50 2t 

50 1H 

50 21 


Tetraparatolylhydrazine crystallises in monoclinic prisms or plates 
of considerable size ; they are of a faint yellow colour, and appear 
readily to undergo a process of re-solution, as the faces are invariably 
somewhat convex ; in spite of this, however, they give very definite 
images, so that concordant measurements can bo obtained. 

The crystals are usually prismatic, having the appearance shown 
in Fig. 2, but some are plaie-like, the form a{100} being enormously 
developed. 

The forms w{011} and <7 {102} are usually absent from tlio plates, 
the foi*ms a{100}, a{001}, and ^{111} predominating, both in the 
prisms and the plates. 

The optic axial plane is the plane of symmetry, tho acute bisectrix 
emerging through a{100}. Tho axial angle is largo; tho double 
refraction is negative and strong; tho dispersion is weak. The 
crystals show an imperfect cleavage parallel to a. 

The authors are continuing this investigation, and later hope to 
communicate the results to the Society. 

St. Bartholomew'* Hospital, 

London. 


GXV. — Sodium NilromwdphatG. 

By Edward Divers, JO)., F.R.S., and Tamemaha Hasa, D.fcSc., 

■Pr&ouzH (Ann. Ohm . Bhys., 1835, [2J, 60 , 151 ; Annahn, 1835, 16 , 
240), in attempting to proparo sodium mtrososulphate, found it to bo 
far more soluble than potassium or ammonium nitrososulphato, and 
therefore difficult to prepare. As its general proportios in solution 
seemed to bo the same os those of the potassium salt, ho did not 
proceed to isolate it or to examine it further. 

The potassium and ammonium salts orystallise out whon a fairly 
concentrated solution of the respective sulphite, along with some 
excess of alkali, is submitted to tbe action of nitrio oxide, but this is 
not the case with the sodium salt, which can only be obtained by 
evaporating the solution left after acting on sodium sulphite with 
nitric oxide. We prepared it by exposing for five days, at about the 
mean temperature, to an atmosphere of nitric oxide, a very concen- 
trated solution of normal sodium sulphite, to which, as a proserva- 

4 d 2 
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tive, ono-fortieth of its weight of sodium hydroxide had been added ; 
it was contained in a connected series of Erlcnmoyer flasks, the layer 
of liquid being shallow. For half this time, the gas was under tho 
additional pressure of a column of water, and for tho rest of the time 
at the barometric pressure only. The flasks were occasionally 
shaken, but as no incrustation was formed on the surface of the 
solution, agitation was less useful than in making the potassium or 
ammonium salt. 

At the end of five days, the solution was effervescing slightly, indi- 
cating that the salt was undergoing decomposition. Hardly any 
sulphite then remained, and nearly all tho sulphate which had formed 
or been present at starting was crystallised out by keeping tho solu- 
tion for some time au a little below zero ; this was removed, and the 
solution quickly evaporated in a vacuum desiccator to a very small 
volume, by which time it had deposited opaque white crusts and 
minute hard crystals, perfectly transparent under the microscope. 
These, which proved to be nitrososulphate, were placed on a 
porous tile and drained dry; the salt then formed a crystalline 
powder, tasting remarkably like common salt, slightly alkaline to 
litmus, and free from sulphate and sulphite. It was weighed and 
then left for a night in a desiccator, to sec what it would lose in 
weight as moisture and water of crystallisation; next moi*ning it 
appeared to he unchanged, and was placed on the bala neo-pan 
between watch-glasses, but it could not be weighed because it rapidly 
lost weight. Taken from the balance and uncovered, it had not been 
a minute exposed to the air before it began to have ft nitrous odour, 
and then quickly grew very hot and evolved much nitrous oxido 
mixed with nitric oxide. The watch-glass which hold tlio salt was 
broken, and tho wood of tho table on which it rested was scorched 
by the heat. The powdery solid residue of tho decomposed salt, con- 
sisting of sulphate and sulphite, was collected, with hardly any notice- 
able loss, and weighed. Its weight was 5*645 grams, while the nitroso- 
sulphate as placed in tho desiccator had weighed 7*595 grams. In 
portions of the residue we determined its sodium by ignition with 
sulphuric acid, its sulphur by oxidation with bromine water and pre- 
cipitation with barium chloride, and its sulphite by titration with 
iodine. These were all calculated as parts per cent, of the salt before 
it was placed in the desiccator. The numbers found show a deficiency 
of about 3 per cent, from those for the anhydrous salt, whilst sodium 
nitrososulphate with lH a O would have lost 8*8 per cent, in becoming 
anhydrous. The tabulated numbers are given. 

NaaN s S0 8 with 
Na^NsSOj. Found. 3 p. o deficient. 


Sodium 24*73 24*13 23*99 

Sulphur 17*20 16*64 16*68 
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This deficiency includes moisture, and any solid particles carried 
away during the very rapid evolution of gas by the salt when decom- 
posing. From the weight of the residue and that of the sulphite it 
contained, it can be calculated, approximately at least, that about 
1*6 per cont. of the original salt, or 1’2 per cent, of sulphate and sul- 
phite, were mechanically lost by the decomposition of the salt, and, 
therefore, that when placed in the desiccator, it had contained about 
1-4 per cent, of moisture. Now, the amount of sulphite in the 
residue was 9*8 per cent, of it, or 7*28 per cent, of the damp nitroso- 
sulphato. Therefore, to recompose the salt, we have 


Sodium sulphite . 7*28 

Nitric oxide equivalent to this 3*47 

Sodium sulphate 67*05 

Nitrous oxide equivalent to this 20*78 

Moisture, by difference 1*42 


100*00 

Sodium nitrososalpbato is, therefore, an anhydrous salt, like the 
potassium salt. Liko the potassium salt also, although it continuously 
decomposes into sulphate and nitrous oxide when iu neutral solution, 
it can be heated moderately with very little change, if some sodium 
hydroxide is present ; when, however, such an alkalino and somewhat 
concentrated solution is boiled, it rapidly decomposes into sulphite 
and nitric oxide, and this the potassium salt docs not do. 

It thus seems that the i*e version of nitrososulphates into nitric oxide 
and sulphite is dependent on temperature alone, and is not prevented 
by the presence of water. It is otherwise with their decomposition 
into nitrous oxide and sulphate, which is caused eithor by wator 
alone, or by elevation of temperature alone; for at the common 
tompevature thoy can bo kept for an apparently indefinite timo when 
dry, but decompose in damp air or in solution; on the other hand, 
when heated, oven in dry air, thoy generally decompose much more 
in this way than into nitrio oxido and sulphate. One exception to 
this iB the potassium silver salt, vvhioh, when heated, gives only nitric 
oxide and sulphite (Kantzsch). This fact points to the lattes* decom- 
position as the primary effect of heat iu all cases, and to the produc- 
tion of sulphate and nitrous oxide as the result of the interaction of 
nitric oxide and sulphite. Potassium silver sulphite not being readily 
oxidisable, this interaction does not occur when potassium silver 
nitrososulphate decomposes. 

Imperial University, 

Tokyo, Japan. 
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CXVI .— The Constitution of the Nitrososnlphates. 

By Edward Divers, M.D., F.R.S., and Tamrmasa Haga, D.Sc., Y. O.S. 

Following up the fact we have already made known (this vol., p. 
456), that an aqueous solution of potassium nifcrososulphato becomes 
strongly al kalin e soon after the addition of alcohol to it, we have ob- 
tained results which seem to supply all that was wanting to our 
knowledge of the constitution of the nitrososulplxates. 

Some chemists have recently (Ber., 1894, 27, 1508, 3264, 3498) 
called these salts nitroxy sulphites, a name which indeed points to the 
fact that they are produced by the union of nitric oxide and a sul- 
phite, but ignores all else concerning them, oven what was ascertained 
at the time of their discovery. Pelouze, in 1835, showed a keener 
appreciation of the nature of chemical union than the chemists re- 
ferred to, and called the salts nitroml/phates. According to him, they 
are not sulphates, ordinary sulphates, that is, for they do not pre- 
cipitate barium chloride (unless acidified), but are complex salts, sub- 
stituted sulphates, as we should now say. Watts, in his Dictionary , 
adopting Pelouze’s view, modified the name to nitrososul/phates, in 
order to distinguish these salts from nitroxyl compounds. 

After oxygenous salts had come to he regarded as oxylic compounds, 
sulphites were formulated as SO(OM) 2 , in which M represents a 
univalent basic radicle, and in accordance with this, E. Frankland 
( Lecture Notes , 1866) expressed the sulphatic constitution of Pelouze’s 
salts by the formula (]ST0) 2 iS0(0M) 2 , that is, ho considered the sul- 
phur to become hexavaleut by uniting with two nitric oxide radicles, 
in place of the atom of oxygen taken up by sulpliites in oxidising. 
Later on, as it became evident that inorganic sulphites wore of one 
class with organic sulphonates, and that sulpliitos, sulphates, and 
thiosulphates are best formulated as M*SO a *OM,, MO*SO a *OM, and 
MS*SCVOM respectively, it was seen that, by analogy, nitrososul- 
phates had to be written M(N a 0 a )S0 2 # 0M, in which change of 
valency is no longer exhibited* This view of the constitution of 
nitrososnlphates and of their relation to sulphites was advanced 
some 4 10 years ago by us in this Journal (1885, 47, 203 ; sec also 47, 
218). 

The facts on which this view of the constitution of nitrososnlphates, 
so far as it goes, rests seem amply sufficient. First, there is the pro- 
duction of the nitrososnlphates in a way precisely analogous to that 
of sulphates and thiosulphates from sulphites, namely, by leaving a 
solution of a normal sulphite in contact with nitric oxide, oxygon, 
or sulphur, as the case requires. *Then comes the reversion of nitro- 
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HOsulpliatcs to nitric oxide and sulphites; not only do they, when 
‘heated in the dry state, thus decompose (Polouze) — wholly in the 
case of silver potassium nitrososulpliate, partly in other cases 
(Hantzsch) — but sodium nitrososulphate does so even in hot solu- 
tion (see preceding paper). Now, this behaviour is in full agreement 
with what has long been known of tho thiosulphates, notably of the 
calcium salt, which, in the first placo, is producible by digesting 
calcium sulphite and sulphur with water at a gentle heat, and then is 
decomposable into tbche substances by boiling its concentrated solu- 
tion. Lastly, sodium amalgam acts alike on solutions of nitrososulpli- 
ates and thiosulphates, hyponitrito or sulphur being formed along 
with sulphite in either case. 

What precedes refers only to tho relations of tho nitric oxide, as a 
whole, to the rost of tho nitrososulphate. There remains to bo con- 
sidered the relations of the ciomentH of the nitric oxide to each oihor 
and to tho snlphuryl and adjacent basic radicle or metal. Putting 
together the constitution of hyponitritos as established by Zorn, and 
the generation of these salts from nitrososulphatos observed by ua, 
nitrososnlpliates might long long ago have boon formulated as 
M0N 2 0*S0 2 *0M, as indeed was done by Michael is in entering our 
results in his edition of Wrahanb- Otto’s Lt’hrhuch , but which we had 
hesitated to do. On tho other hand, iiasohig, W. Traubo, Hantzsch, 
and Dudon consider nitnwosnlphaies to bo sulphonates, from analo- 
gies which we do not hud to hold good, for reasons already given in 
our previous paper. Wo have there also expressed preference for tho 
sulphate constitution of those salts, on the ground that they instantly 
and fully give the reaction of a sulphate on tho addition of barium 
chloride acidified with hydrogen chloride, since even tho least stable 1 
of tho certainly sulphonic nitrogen compounds discovered by JBVomy 
take an appreciable time before a precipitate begins to form, and a 
not inconsiderable time for its completion* To make certain of this 
difference in. behaviour, wo have thoroughly tested, by heat under 
pressure, tho mother liquor of barium sulphate just precipitated 
from potassium nitrososulphato, and have found no residual sulphur 
in it. 

That ldtrososulphatos am not sulphonates, but true sulphates, can 
now be finally proved by tho effect of alcohol on them in aqueous 
solution. Alone in solution, tho potassium salt slowly decomposes 
into normal sulphate and nitrous oxide, but, when a little alcohol is 
present, it partly changes into potassium ethyl sulphate, potassium 
hydroxide, and nitrous oxide, thus : 

(KON,)KSO* + hltOH = EfcKSO* + KOH + N s O. 

Potassium hydroxide and nitrons oxide are what potassium hypo- 
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nitrite becomes when left dissolved in water, and may here be taken 
to have been derived in that way, although, as a matter of fact, we 
have faile d to detect any hyponitrite in the solution at any point in 
the decomposition of the nitrososulphate ; this failure, however, does 
not invalidate the explanation, since potassium hyponitritc in solu- 
tion decomposes quite as quickly as it can here be produced. Wo 
may, therefore, express the intei action of alcohol and nitrososulpliato 
by the equation 

(KON 2 )KSCh + EtOH = JEtKSCh 4- KO-N 2 OH, 
KO*N 2 OH being the acid hyponitritc, the existence of which in solu- 
tion was established by Zorn. 

Whether hyponitrite or only alkali and nitrous oxide arc the other 
products, the fact that potassium ethyl sulphate is formed removes 
all doubt as to nitrososulphates being true sulphates. Were they of 
sulphonic constitution, they could only yield ethyl sulphate along 
with hydroxylamine, hydrazine,* or ammonia, or a derivative of one 
of these, and then by a most improbable reaction. No such substances 
are found amongst the products of the decomposition, 

Nitrososulphates having thus been ascertained to be true sulphates, 
the relations of the elements of the nitric oxide radicle can be only 
those shown by the formula MO'NINO-SCVOM. For there is nothing 
in the gentle act of union of the nitric oxide with the sulphite sug- 
gesting any new distribution of its elements, such as that of the 
oxygen of one molecule of the nitric oxide leaving it to go over to the 
nitrogen of the other; nothing in the properties of the nitiososnl- 
pliates pointing to the presence in them of the nitroxyl radicle; 
nothing probable in the supposition that, in their formation, the 
metal or basic radicle quits the sulphur of tho sulphite' for tho 
nitrogen of the nitric oxide rather than for its oxygen. On iho con- 
trary, there are tho facts that metallic sodium, when it acts on thorn, 
finds in them the hyponitrite radicle (though possibly, indeed, it is 
formed by it), and leaves sulphite, and, again, that they are almost 
neutral to litmus, instead of being strongly alkaline, as they would 
be likely to be if their metal were in direct union with the nitrogen. 
The hyponitrite-sulphate formula exhibits every known ohemioal 
property of the salts, whereas a sulphonic formula explains only some 
of them, and suggests the existence of properties which the nitroso- 
sulphates do not possess, such as that of hydrolysing into a hydro- 
genised nitrogen compound. 

* Duden has recently ascertained that potassium nitrososulphate, when treated 
vith sodium amalgam, yields some hydrazine (JBer.j 1894, 27, 8498). It, there- 
fore, seems probable to us that what has been taken by Maumend, ourselves, and 
others, to be hydroxylamine among the products of the action of sodium on 
nitrites, is, after all, not that substance but hydrazine. 
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The gi*eat rise of temperature which attends the dry decomposition 
of a nitrososulphate into metal sulphate and nitrous oxide must bo 
attributed rather to the heat of nitric oxide decomposing into nitrous 
oxide than to the oxidation of sulphite, since this is already in tli© 
salt united to oxygen. 

Nitrososulphaios may be described as anhydro-double salts of 
liyponitrous and sulphuric acids, which in aqueous solution hydrolyse 
into acid hyponi trite and acid sulphate, these salts simultaneously 
changing into normal sulphate and hyponitrous acid (nitrous oxide 
and water) thus : 

H a 0+0<^J°|. = N a <o5+BO s <22 = tf»0+H s O+SO,(OKV 

The property they show of never exchanging ihoir uiiroso-metallic 
radicle for a simply metallic one when they are mixed in aqueous 
solution with other salts is apparently nothing more than what is 
seen in the true sulphate, potassium ethyl sulphate. In this connec- 
tion, it is very interesting to see the nitrososulphale exchanging its 
specific radicle for an alkyl radicle, and thus becoming potassium or 
other ethyl sulphate; also to see alcohol acting as a hydroxide on 
an alkali sulphate. And then, along with this, as a consequence, 
comes the most remarkablo tiling of all, that by submitting potassium 
sulphite to the action of nitric oxide and alcohol it becomes possible 
to generate potassium hydroxide. That alcohol can direotly give rise 
to potassium hydroxide by acting on any potassium salt seems an 
impossibility, and this famishes a strong argument for believing that 
its real action on potassium nitrososulphato is what wo have assumed 
it to be, namely, the formation of acid potassium liyponitritc, which 
then decomposes with water and givos the hydroxide. 

The constitution of niirososulphatos, now established, shows that 
these salts have nothing in common with hVomy’s sitlphasiotiHcd salts, 
which are all sulphonatos, and that tiny Itave somo relation to the 
nitrosyl sulphatos. 


j&rj pwimental 111 lamination of the action of Alcohol on NUrosobulph 

Potassium nitrososulphato, in fine powder, was soalod up in a tube 
with absolute alcohol and kept at 100° for some hours. The two 
substances had no action on each other. 

Some preliminary experiments made the production of potassium 
ethyl sulphate from an aqueous solution of potassium nitrososulphato 
and alcohol almost a certainly, and also enablod us to obtain in the 
solid state some potassium carbonate, in proof that potassium 
hydroxide had formed and had subsequently beoome carbonated by 
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long exposure to tlie air. We then made two experiments, which wo 
heie describe in full, intended partly to be quantitative, but principally 
rfco afford us sufficient potassium ethyl sulphate in a pure state for 
thorough identification. 

In one experiment, we prepared a solution containing 46*25 grams 
•of potassium nitrososulphate in 1450 grams of 22*8 per cent, 
spirit, and, in the other, 14*45 gram* of the salt in 212 grams of 

14 per cent, spirit. Both solutions were almost saturated; we 
had intended the one to be spirit of 25 per cent., and the other of 

15 per cent., alcohol. These solutions were left for 16 days at the 
summer temperature in loosely stoppered bottlos, though a few 
•days less might have sufficed for complete decomposition of the 
salt ; potassium sulphate gradually crystallised out and nitrous oxide 
slowiy escaped. In our previous communication to the Society, we 
stated that the evolution of nitrous oxide from the aqueous solution 
was actually arrested by adding alcohol, but that was a mistake; it 
goes on undiminished, but, being spread over a much longer time, 
becomes far less perceptible. We also observed a slight but unmis- 
takable odour of aldehyde during the decomposition, and were just 
Able to reduce silver by it in the solution (the alcohol used being 
quite free from this impurity). Its formation may, perhaps, be 
accounted for by supposing a minute quantity of the nitrososulphate 
to have decomposed into nitric oxide and sulphite, the former thou 
acting as carrier of atmospheric oxygen to the alcohol. 

The volume of the solution of the 46*25 grains of salt being so 
large, it was reduced to half by evaporating the solution at 70 — 75° 
in shallow, flat-bottomed, glass pans. The alkali present was then 
neutralised with standardised sulphuric acid, the solution made again 
slightly alkaline, and the evaporation continued and comploted in a 
vacuum over sulphuric acid, occasionally interrupting the process to 
remove the potassium sulphate which separated. 

The evaporation of the solution of the 14*45 grams of salt was 
effected wholly in the desiccator, that is, without the application of 
heat. Before evaporating, the alkali was almost neutralised with 
sulphuric acid. 

The residue from the larger quantity of salt was extiticted at an 
ice-cold temperature, with 5 c.c. of proof spirit, and that from the 
smaller quantity with 4 c.c. of proof spirit; in this way almost all 
the remaining sulphate was left undissolvecL The spirit solution, 
after evaporation, gave, in the former case, 2*64 grams of crude 
potassium ethyl sulphate, and 1*37 grams in the latter. These quanti- 
ties were necessarily only fractions of the actual quantities produced, 
because of the very great waste atcendant on the separation of much 
potassium sulphate from the exceedingly soluble potassium ethyl 
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sulphate. A true measure of the extent to which the nitrososulphate 
had undergone conversion into the ethyl sulphate was, however, 
afforded by the quantity of potassium hydroxide produced, which was 
estimated, by titration, in the experiment on 46*25 grams of nitroao- 
sulphate; it amounted to 1*69 grams, or 3*66 per cent, of the weight 
of salt taken, or about 14 per cent, of what would have been formed 
had the whole of the salt suffered the same change. This 1*69 grams 
of potassium hydroxide must have been accompanied by 4*95 grams 
of potassium otliyl sulphate, although we isolated little more than 
half that quantity, namely, 2*64 grams. 

In proportion to tlie amount of salt taken, the yield is 1* greater 
with the 14 per cent, spirit, than where 2t per cent, spirit was 
used. The difference is sufficiently groat to justify the belief 
that the formation of the ethyl sulphate is actually greater with 
weaker than with stronger alcohol in spite of the vory imperfect 
means we took to collect this salt. On first consideration, it may 
seem that the formation of potassium ethyl sulphate must be favoured 
by strengthening the solution in alcohol; but this by no means 
follows, for it must be borne in mind that addition of alcohol greatly 
lessens the power of the water to dissolve the salt. Now the decom- 
position of the salt by alcohol is alternative to that by water, but not 
opposed to it ; so that, in connection with the junction with alcohol, 
the water may be rogardod as merely the vehicle for the salt and the 
alcohol, and then we see that, provided these aro present in molecular 
proportion, more alcohol can only servo to make it necessary for more* 
water to be present so as to keep the salt dissolved, since the latter is 
not acted on by alcohol unless it is in solution. The more water there 
is present, the more attenuated is tho salt exposed to tho action of tho 
alcohol. Thus, with 14*45 grams of salt in solution in 212 grams of 
14 per cent, spirit, there was twice as much salt in a given volume 
as there was whore 46'25 grams of salt were dissolved in 1450 grams 
of 24 per* cent, spirit, while in both eases the alcohol present was far 
in excess of one molecule, being, oven in tho dilute spirit, nearly ten 
times the molecular quantity* JHJven if tho chemical activity of the 
water is considered, still tho water is pi'esont in much smaller pro- 
portion to the salt in tho dilute spirit than in tho stronger. Tho 
matter is interesting, hut more work needs to bo done in connection 
with it before anything can he safely concluded about it. 

That the salt which we had obtained was potassium ethyl sulphate 
was ascertained by qualitative and quantitative tests. It was a 
neutral, exceedingly soluble, somewhat deliquescent salt, crystallising 
in pearly plates, and giving no insoluble salt with any reagent. A 
concentrated solution when boiled soon contained sulphuric acid; 
whilst a dilute solution, even when boiled for some time, remained 
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free from it. Li a solution acidified with hydrochloric acid and 
boiled, decomposition quickly began, but was not complete until the 
solution had been heated under pressure. When acidified and rapidly 
heated in a sealed tube at 150°, it was found to produce a little com- 
bustible gas, but when the tube was only slowly heated bo 150° the 
decomposition into potassium hydrogen sulphate and alcohol was 
perfect. In all these respects, the salt we had obtained agrcod with 
potassium ethyl sulphate. 

For quantitative analysis the salt was reciy&fcallised from water 
Ignited with sulphuric acid, it gave potassium sulphato equivalent to 
24 09 per cent, potassium. Heated in a sealed tube with hydrochloric 
acid for some hours at 100°, and then for some hours longer at tem- 
peratures rising to 150°, it gave barium sulphate equivalent to 19 09 
per cent, sulphur. The filtrate from the barium sulphate, evaporated 
to dryness and fused with potassium hydroxide, gave no additional 
sulphur. The alcohol formed by the hydrolysis of the salt was dis- 
tilled off and easily identified as such by its odour and taste, and by 
the iodoform and aldehyde tests ; but no attempt was made to esti- 
mate its quantity. The calculated amounts per cent, for potassium 
ethyl sulphate are potassium, 23’83 ; and sulphur, 19*52, with which 
our finding agrees sufficiently closely. 

Imperial University, 

Tokyo, Japan. 
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March 27, 1895. 

Dr. Armstrong, President, in tho Chair. 

To-day T “bring io a closo my official connection with tho Society — a 
connection which has been maintained during 20 years. I can only 
regret that it has not been in my power to render better service, bat 
tho task must over bo a terribly difficult one, ovon when every on- 
deavourismado to execute it faithfully, and J am only too woll aware 
now liow much there is that might have boon done with greater effect. 

Although the number of Fellows is risen from 800 to very 
nearly 2000,* no changes in the constitution of the Society, nor in 
the general method of conducting its affairs, are to bo chronicled ; yot 
tho period has been a very ovontful one, owing to tho marvellous 
growth of our knowledge and our more complete appreciation of tho 
nature of chemical phenomena. We are now undoubtedly entitled to 
speak of chemistry as a science, but it is only too clear that very fow 
as yet understand how complete is the mastery wo have gained over 
matter, and that our methods aro hut dimly appreciated by those who 
are not of us. 

Lot me to-day first refer to tho Faraday lectureship. Professor 
Odling, in his address to us 20 yoars ago, spoko of this as “ an 
institution that in its most characteristic features is without parallel 
elsewhere.” Further, that, “ having regard to tho great name with 
which it is associated, we cannot doubt that the nomination to this 
lectureship will ever bo held in high esteem ; and with this con- 
viction prosent before us, wo indulge the hope that in a long suc- 
cession of Faraday locturos the Chemical Society may be as fortunate 
in the future as it has been in the past.” The roll is certainly a very 
distinguished one, comprising as it doos the names of 

* Although, on the day of anniversary meeting, it was not possible to announce 
that there wore 2,000 Fellows, yet tho membership had practically attained these 
proportions, as letters from abroad woro received a fow days aiterwords, from 
gentlemen previously elected complying with the formalities required to make them 
Fellows, ihe number being thereby raised to 1009. 
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Dumas 

.. 1869 

Wurtz 

.. 1879 

Cannizzaro . . . . 

.. 1872 

Helmholtz 

.. 1881 

Hofmann 

. . 1875 

Mendelecf 

.. 1889 


But this very fact makes the appointment one which occasions groat 
perplexity, as experience shows that men of distinction willing to 
lecture and able to address ns in a language which, can be under- 
stood are very difficult to find. Feeling that the work done by 
Faraday in organic chemistry, and especially his discovery of benzene 
in 1825 audits consequences, had hitherto remained unnoticed, with the 
approval of the Council I requested Professor Emile Fischer to give 
the lecture, hoping that he would be willing to undertake the discus- 
sion of so interesting and important a subject ; but I regret to say that 
he felt obliged to decline on account of his health and other reasons. 

This led us to fully discuss the matter, and to arrive at the conclu- 
sion that it would be desirable to break through the practice originally 
initiated by the Council, and hitherto adhered to, of inviting only 
foreigners to deliver tbe lecture. Since this decision was arrived at, 
circumstances have arisen which have led us to take an even more 
novel departure. Tou are all aware of the separation of a hitherto 
unrecognised constituent from the atmosphere which Lord Rayleigh 
and Professor Ramsay have recently successfully effected, and you 
know that it is justly regarded as one of the most startling discoveries 
ever made in chemistry. But it is no chance discovery : on the con- 
trary, it is the outcome of labours carried out with unwearied patience 
and perseverance and consummate skill, during many years past, by 
Lord Rayleigh. Lord Kelvin, in his Presidential Address to the 
Royal Society in November last, fully stated this ; he pointed out 
how, 12 years ago, Lord Rayleigh set himself the task of re-deter- 
mining the densities of the principal gases. This lodhim eventually 
to re-detexmine the density of nitrogen, and working in the spirit of 
the true philosopher, ho was not content to examine only nitrogen 
from air, but also studied that derived from a variety of chemical 
changes. He was thus led to discover that nitrogen from air was 
very distinctly denser than that pi*epared by any chemical method ; 
and, having tested the various possible explanations of the anomaly, 
was at last reduced to one explanation, viz., that the gas from tho atmo- 
sphere was abnormally dense because it contained something denser 
than nitrogen. This led him, I believe, to inquire on what grounds it 
was assumed by chemists that atmospheric nitrogen was a uniform sub- 
stance, and, eventually, to repeat the celebrated experiment described 
by Cavendish now 110 years ago. The initial discovery of argon was 
thus made— it was completed by tbe conjoint labours of' Professor 
Ramaay and Lord Rayleigh, and to them chemists are indebted for the 
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addition to cur knowledge of a new substance — whether it be an 
element or mixture of elements or compounds, we have yet to learn — 
possessed of properties which make it one of tho most remarkable 
among the host with which we are acquainted. 

No chemist can fail to be impressed by Lord Rayleigh’s work, and 
recognising its extreme value, your Council have decided to appoint 
Lord Rayleigh our Faraday lcciurer, and to request his acceptance of the 
medal in recognition of the important service which he has rendered 
to chemistry by his discovery of A>gon. They do not ask that* he 
shall give any lecture, but make the award of the medal in this 
special manner in order to mark their souse of the value of his 
labours, and especially of the example ho has set ; we are, however* 
encouraged to hope that perhaps Lord Rayleigh will be prepared to 
address the Society on the subject of argon at an early date. 

On your belialf, I have therefore now the greatest possible pleasure 
in presenting the Faraday medal to Lord Rayleigh. 

[Lobo Ra^ i nan, on receiving tho medal, said that, in returning hm 
thanks to the Society, ho was somewhat embarrassed, because he felt 
that there ought to be another standing at his side. It was true that 
his researches, to which tho President had referred, upon the densities 
of gases had rendered it almost certain that a new gas ol some sort 
was concerned, and prohablo that tho new gas was in the atmospheie. 
But from this point to the isolation and examination of argon was a 
long step, and tho credit for it must be shared equally between 
Professor RamBay and himself. In some quarters there had boon a 
tendency to represent that antagonism existed between chemists aud! 
physicists in the mattor, though such a thought nover entered his 
mind. Professor Ramsay was a chemist by profession, while ho him- 
self had dabbled in chemistry from an early age, and had folio wedl 
its development with a keen interest.] 

It is not usual ontheso occasions to interpose other matters, but 
Professor Ramsay is prepared to m&ko a communication of such 
special importance that I will now ask him to address you. 

[Being thus called on, Piofessor Ramsay madio tho following com- 
munication of the discovery of helium in cl&veite. 

“In seeking a cluo to compounds of argon, I was led to repeat 
experiments of Hillobrand on cl&veite, which, as is known, when 
boiled with weak sulphuric acid, gives off a gas hitherto supposed to 
he nitrogen. This gas proved to be almost -free from nitrogen ; its 
spectrum in a PMoker’s tube showed all the prominent argon lines, 
and, ib, addition, a brilliant line close to, but not coinciding with, the 
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D lines of sodium. There are, moreover, a number of otlior linos, of 
which one in the green-blue is especially prominent. Atmospheric 
argon shows, besides, three lines in the violet which are not to be 
seen, or, if present, are excessively feeble, in the spectrum of the 
gas from cleveite. This suggests that atmospheric argon contains, 
besides argon, some other gas which has as yet not been separated, 
and which may possibly account for the anomalous position of argon 
in its numerical relations with other elements, 

“ Not having a spectroscope with which accurate measurements could 
be made, I sent a tube of the gas to Mr. Crookes, who has identified 
the yellow line with that of the solar element to which the name 
* helium * has been given. He has kindly undertaken to make an 
■exhaustive study of its spectrum. 

“I have obtained a considerable quantity of this mixture, and hope 
soon to be able to report concerning its properties. A determination 
of its density promises to be of great interest.”] 

In confirmation of this most remarkable statement, I have to 
request Mr. Crookes to give an account of his observations on the 
spectrum of the gas from cl&veite. 


[Mr. Crookes then spoke as follows : — 

“By the kindness of Professor Ramsay 1 have been enabled to 
examine spectroscopically two Pfiiicker tubes filled with some of tho 
gas obtained from the rare mineral cleveite.* Tho nitrogon had 
been removed by ‘sparking* over alkali. On looking at tlio 
spectrum, by far the most prominent line was seen to be a brilliant 
yellow one, apparently occupying the position of tho sodium lines. 
Examination with high powers showed, however, that tho lino 
remained vigorously single when the sodium linos would bo widely 
separated. On throwing sodium light into tho spectroscope simul- 
taneously with that from the new gas, tho spectrum of tho latter was 
seen to consist almost entirely of a bright yollow lino a little to tho 
more refrangible side of the sodium lines, and separated from them 
by a space a little wider than twice that separating the two sodium 
components from one another. It appoared as bright and as sharp 
as Dj and D a . Careful measurements gavo its wave-length 587*45, 
the wave-lengths of the sodium lines being D x 589*51 and D a 588*91. 
'The differences are therefore — 


'Wave-lengths. 


Bi 589*51 

D a 588*91 

Hew Line 587*45 


Differences, 

0*60 

1*46 


* Cl&veite is a variety of uraninite ; ehiefiy a uranate of uranyle, lead, and the 
Taare earthB. It contains about IS per cent, of the rare earths, and about 2*5 per 
•cent, cf a gas said to be nitrogen (Bidl. XT. 8 , Q-eol. Survey, 78, 43—78). 
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“ Tlio spectium of tlie gas is therefore that of tho hypothetical 
element helium, or D i? tlie wave- length of which is given by Angstrom 
as 587*49 and by Cornu as 587 46. 

“Besides tho helium line, traces of tho more prominent lines of 
argon were seen. 

“ Comparing tho visible spectrum of tho now gas with tho band 
and line spectrum of nitrogen they are almost identical at tho rod and 
blue end, but there is a broad space m the green whore they dilfex 
entirely The helium tube shows lines in tho following positions. 

Wave -length. 

(a ) D,, yellow. 587 45 Very strong. Sharp. 

(6.) Yellowish-green 508*05 Faint. Sharp. 

(c.) Yellowish-green 566*41 Very faint. Sharp. 

(d.) Green 516*12 Faint. Sharp. 

(e.) Greenish-blue . 500*81 Faint. Sharp. 

(/.) Blue 480*63 Faint. Sharp. 

“1 have taken photographs of the spectrum given by tho helium 
tube At first glance the ultra-violet part of tho spectrum looks like 
the band spectrum of nitrogen, but closer examination shows con- 
siderable differences. Some of the lines and bands in tho nitrogen 
spectrum are absent in that from tho helium tube, whilst thoro are 
many fino linos in tho latter which are absent in nitrogen. Accurate 
measurements of these linos are being made,”] 

I am sure you will agree that we must all congratulate Professor 
Ramsay on a discovery of such extraordinary importance and interest. 

To return to my address, I have so fully dealt with the gonoral 
questions which affect tlie Society in my ptovious addross, that little 
is to bo said on such matters on the present occasion. Outwardly, 
the year has passed quietly ; but important questions have boon under 
discussion, which certainly have given some of us much cause for 
thought, if not anxiety. 

Wo have lost an old and faithful servant and Criond in our collector, 
Mr. Hall, who last summer retired on a ponsionfrom the Socioty after 
being 25 yoars in our employ. All who arc in the habit of attending the 
Society’s rooms will have missed his kindly presence. Our Treasurer 
was successful in collecting a sum of over dB30 from tho members of 
the Council, which was expended in tho purchase of a time-piece and 
silver tea service — which were presented to Mr. Ilall and his wife — 
and of articles of jewellery, which wore presented to his two daughters, 
to whom and to Mrs. Hall the Society is under obligation for their 
attendance in the tea room. Needless io say, the family have expressed 
their groat gratification at receiving those marks of recognition. 

VOfi. LXVU. 4 B 
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The opportunity has been taken to institute changes in tho paid 
staff of the Society, which have long been advocated by tho officers, 
but postponed mainly on financial grounds. A Committee of tho 
Council, after long deliberation, presented a report, which was 
adopted by the Council, recommending the appointment of an 
Assistant Secretary, who should also act a& an assistant to the 
Treasurer and as Librarian, a collector being no longer necessary now 
that money is ro universally transmitted by posh The Council have 
been fortunate in securing the services as Assistant Secietaiy of Mr. 
Robert Steele, formerly a Science Master at the Bedford Modern 
School. They havo furnished him with a jnnior assistant to aid in 
the work of the library. 

The fusion of the offices of Assistant Secretary and of Librarian, 
effected with the object of securing the constant attendance of the 
Librarian, has led to the termination of Dr. Thorne’s official connec- 
tion with the Society, and I desire on this occasion, on behalf of the 
Council, to express our warmest thanks to Dr. Thorne for tho assist- 
ance he has rendered us as Librarian since the death of Mr. Watts in 
1884. 

As to our numerical strength, the statistics are by no means satis- 
factory, the number of those who havo a right to appear as Fellows 
of the Society being not very many more than last year, owing to 
the unusually large number removed on account of their failure to 
comply with our bye-laws and the Treasurer’s just demands. 
Although our bye-laws, when strictly interpreted, allow us to strike 
off those who have left three years’ subscriptions unpaid, a lax 
practice has grown up of waiting until four years’ arrears are owing. 
By order of the Council, the names of 23 Fellows are removed from 
our register who owe four annual subscriptions, and also of 27 who 
are three years in arrears, making a total of 50. Tho names of those 
thus removed are as follows. 

Four years in arrear Cook, H. J. ; Ohonhall, J. W.; Ulxuldey, A. ; 
Cunningham, A. A.; Donovan, H. T. ; Evans, G. T. ; Feallior- 
stone, W. B.; Farquharson, A. C.; Gregory, W. ; Goo, W, W, 
H . ; Holt, C. G. ; Haslam, A. R. ; Maybury, 0. ; Moos, N. A. F,; Morgan, 
A, F. ; McCalman, G. ; Porter, H. 5 Stanley, T. W. ; Shaw, H. G. ; Tam, 
A. ; Trinks, C. H. ; Wood, G. W. ; Wade, M. S. 

Three years in arrear: — Broughton, F.; Brnnker, J, E.; Bailey, 
R. D. ; Byrn, G, ; Barry, T. D. 0. ; Belbin, T. St. J . ; Coleman, T. H. ; 
Davies, A, E. ; Davies, J. ; Gracey, R. ; Grey, W. T. ; Gerrans, B. H. ; 
Hori, E. ; Irons, H. E. J. ; Jenner, T. ; Kilpatrick, C. ; Knowles, J. ; 
Linnell, A. ; Luckett, A. H. ; Menzies, Rev. T. J. ; Parry, J. ; Pike, 
A. E. ; Serre, C. A. ; Tompkins, H. R. ; Whitlock, J. ; Wilkie, J. ; 
Wadsworth, G. H. 
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Eii order, far as possible, to minimise the difficulties which arise 
from long-continued failure to comply with our rules, the Council 
recommend an alteration in the bye-law relating to payments by 
Fellows. 

Tt has been customary to send out the Journal even to Fellows 
who are several years in arroar, but in order to more effectually 
draw attention to our rules and to prevont loss, the Council have 
ordered that in future the Journal shall not be supplied to Fellows 
one year in arroar. 

The following 2 7 Follows have withdrawn Irom the Society. 

Auerbach, G. ; Bell, Sir W. J. ; Cortis, A. B. ; Day, A. W. ; Dott, 
D. B. ; Forth, H. ; Greenish, H. G.; llall, 111 . ; Jackson, J. It. ; Lunar, 
W. E. ; Lightbown, J. H. ; Mason, G. B. ; Muller, Prof. G. ; Oxford, 
Rev. A. W. ; Paiker, G. L. ; Paterson, 3. R. ; Peace, F. K. ; Peterson, 
F. W. ; Platts, K. ; Ray, W. , Samuel, A. 11. ; Shaw, 31. L). ; Stavert, 
Rev. W . J. ; Stoker, H. ; Sutcliffe, S. ; Taylor, G. & ; Venis, W. 

We are fortunate in having boon deprived of only 17 of our Fellows 
by death, viz., the following: — Ashwoll, J. R. ; Barratfc, Alex. ; Beau- 
champ, Maj. ; Board, G. ; Carteigho, J. ; Dunne, B. JLi. ; Evans, P. N. ; 
Gill, 0. II. ; Hughes, F. R. ; Johnson, F, It.; Morris, J. E. ; Nason, 
Prof. H. B. ; Salot, G.; Thornth waite, W. II. ; Twining, A. II. ; 
White, A.; Wright, 0. R. A. 

Wo must especially regret the decease of one of thoso, Dr. Alder 
Wright, at so early an age ; men gifted with so much originality and 
versatility and with such extraordinary powers of work, are at all 
times rare, and we can ill afford to lose them. It is noteworthy at 
the list contains the namo of one of our original Fellows, F. It. 
Hughes, so that now but one remains -the evergecn Lord Playfair, 
although tho equally active Sir Henry Gilbert is very nearly of the 
same standing in tho Society. 

In tabular form, the corrected statistics of membership arc as follows, 


Number of Fellows, March 31st, 1H94 . . 19G2 

„ „ since admitted 131 

2093 

Removed on account of non-payment of four 

annual subscriptions 23 

Do. three annual subscriptions 27 

W ithdrawn 27 

Deaths 17 

— 94 

Number of Fellows, 1895 1999 

Foreign Members ............ • 30 


4 b 2 
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I have been favoured with the following 

OBITUARY NOTICES. 

Gregory Board died suddenly on April 29, 1894, at Port Pine, 
South Australia, where ho was Superintendent of the Broken Hill 
Proprietary Works. He was horn on July 21, 1846. Ho studied at 
the School of Mines and the Birkbeok Institute, and was a fellow 
student with Sydney Gilchrist Thomas in Mr. Chaloncr’s classes in 
1870-72, at which time he was engaged as an “attendant” (not 
“ assistant ”) at the British Museum, under Professor Maskolyno and 
Dr. Flight, being a good mineralogist. Giving up the position on 
account of the difficulties in the way of promotion, he loft England 
for America in 1872, and until 1875 was engaged in coal-mining in 
the State of Illinois. Thence be was attracted to the silver mines of 
Colorado, and was appointed Professor to the School of Minos. He 
also held prominent positions on iho staff of some of the mosi 
important mines, but he resigned these positions, and entered the 
smelting business with other partners. As ho suffered from the 
effects of lead-poisoning, he entered the cattle-raising business with 
a view to recruiting his health, and on his recovory ho again took up 
smelting at Denver, Colorado. He left America to accept the 
management of the Australian Smelting and Refining Works at Dry 
Creek, having been selected for this position by tho British Consul 
at San Francisco, entering on his duties in 1887. Ou arrival, Mr 
Board was appointed Consulting Manager for tho Commodore Van- 
derbilt Gold and Silver Mining^ Company, and Consulting Metal- 
lurgist for tho British Broken Hill Proprioi ary Company. In 
August, 1890, ho loft Dry Crook and came to Port Pirio as Super- 
intendent of the Refinery and Manager of tho British Broken Hill 
Company’s smelting works there. When tho latter company disposed 
of their property to tho proprietary Company, Mr. Hoard was 
appointed Superintendent of both] smellers and refinery, and hold 
the position until his death. The deceased was a foundation member 
of the Australian Institute of Mining Engineers, Fellow of tho Royal 
Society of South Australia, besides being intimately associated with 
several other scientific societies. 

John Carteighe, of the firm of Dinneford and Co., died at his 
residence, 3, Hereford Square, S.W., on April 1, 1894, of heart 
disease, from which he had suffered during many years. He was 
originally intended for the legal profession, but becoming interested 
in chemical science, left the law and, through the introduction of a 
friend, became one of Faraday’s assistants at the Royal Institution. 
This position he relinquished on the invitation of Mr. Dinneford, 
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■with whoso pharmacy aud manufactures he was tlicroafter associated 
until his death at the age of CO. 

Philip Norman Evans, Ph.D., son of Sir John Evans, K.C.B., 
E.R.S., born 13th December, 185*1, and dying 9th December, 3893, 
leaves behind him the pathetic interest which attaches to a career 
suddenly cut short as it was opening out into paths of distinction 
and wide usefulness. He received his early education at Harrow, 
and from school passed directly into the routine life of the paper mills 
with which his family are connected. Subsequently he went over to 
the United States, travelling through the mining districts of the 
west, afterwards taking up residence in the Eastern States, continuing 
his technical studies in a paper mill. The period 1884-85 was spent 
at Harvard, chiefly in the study of chemistry, | which he continued at 
Bonn during 1885-88, acting for some time as private assistant to Pro- 
fessor Wallach. Tn 1889, ho graduated Ph.l >. at Erlangen, his thosis 
embodying the rosnlts of an investigation of antimony pentachloride, 
its hydrates, and its interaction with oxalic acid. Of his career at 
Bonn there are other substantial records, amongst which may be 
mentioned a most flattering ** testimonial ” from Kekule, who evi- 
dently regarded him as a young man of exceptional promise. After 
graduating, he returned to London, and started a practice as consult- 
ing and analytical chemist, at 28, Groat Ormond Street. Here he 
was joined in partnership in tho following year by Dr. Wirtz, of 
Bonn, and the foundations were rapidly laid of a flourishing practice. 
Of his professional work it would bo gratuitous to say moro than that 
it was marked by the practical skill, tho precision of the trained 
experimentalist, and the judicial honesty of a man starting in life with 
the best traditions and schooled in the uncompromising methods of 
science. 

Evans was, of course, greatly interested in the technology of paper 
making, which ho had mastered in its fullest detail. His interest in 
the subject iH shown by hiH careful translation of llortzborg’s work 
on Paper Testing, a description of tho methods adopted at the 
German Government Testing Station at Oliarlottonburg. This work 
ho published in 1892. 

Such is a brief sketch of the making of a career destined to bo cut 
short in the very springtime of promise. The close of his life was 
marked by a manful struggle against the malady to which he fell a 
victim at the early age of 39. 

Charles Romley Alder Wright was born in 1844, and was the 
youngest child of Romley Wright, a civil engineer, who was at one 
time employed on the Ordnance Survey of this country. His educa^ 
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tion was undertaken by bis father until 1861, when young Wriglit 
joined Owen’s College, where he quickly distinguished hinisolf in the 
classes connected with chemistry, physics, mathematics and classics. 
His first piece of original work was done under Roseoc’s direction, 
and was published in the Journal of our Socioty in 18GC, under the title 
“ Action of light on Sensitive Photographic Papers.” In the same 
year Wright was appointed to the post of chemist at the Weston 
Works of the Runcorn Soap and Alkali Company, where ho remained 
about a year, during which time he published several papers beainng 
on the alkali manufacture. In 1867 he became assistant to Dr. 
Bemays in the chemical laboratory at St. Thomas’s Hospital, and in 
the following year joined Manthiessen in a similar capacity at St. 
Mary’s Hospital. Matthiesson and Wright jointly contributed to the 
Royal Society four papers on “ The Derivatives of Opium Alkaloids.” 
One of the most important pieces of work in counoction with which their 
names will always be associated was the discovery of apomorphine, 
which, as a rapid and powerful emetic, has proved a most valuable 
adjunct to medical practice. From 1869 — 1871, Wright was asso- 
ciated with Sir Lowthian Bell in a series of elaborate investigations 
on the chemistry of iron smelting. In 1871 lie was appointed lecturer 
on chemistry and physics in St. Mary’s Hospital Medical School, 
which post he occupied up to tho time of his death. During his con- 
nexion with St. Mary’s, he carried out and published, both alone and 
in conjunction with various collaborateurs, a large number of important 
researches, some of the principal of which arc mentioned in the fol- 
lowing list. 

Nine papers on Derivatives of Morphine and Codeine in the Royal 
Society (1871 — 1874) ; six papers on Isomeric Terpenes to the British 
Association Reports (1873 — 1877) ; six papers on the Action of 
Organic Acids and their Anhydrides on Natural Alkaloids to the 
Chemical Society (1874 — 1880) ; seven papers on Narceine, Nar- 
cotine, Cotamiue, and Hydrocotarnino to tho Chemical Socioty 
(1874—1877) ; four papers on Alkaloids of tho Aconites to the 
British Association Reports (1877 — 1 879) ; throe papers on the 
Alkaloids of the Veratrums to the British Association Jftoporfcs 
(1878 — 1879); a series of Roports on Chemical Dynamics to the 
Chemical Society (1878 — 1880) ; nine papers on the Determination 
of Chemical Affinity in terms of Electromotive Force to the Physical 
Society (1877 — 1885). During the latter years of his life, Wright 
devoted considerable attention to the study of alloys, and contributed 
a series of papers on the subject to the JProc. Boy . Soc. He also 
wrote a number of articles on matters of technological interest, 
including a series of articles on Coal Tar Distillation and Products in 
Muspratt’s Dictionary ; another series on Soap, Sulphur, and Sul- 
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phurie Acid in Thorpe's Dictionary of Applied Ohemisl/ry ; four 
lectures on Metals and their Industrial Applications delivered at the 
Royal Institution (1878) ; articles on Iron, Steel, &c., in the 
JSncycloptviUa Britain* ica (1879-81); throe Cantor lectures on the 
Manufacture of Toilot Soaps to the Society of Arif. (1885) ; several 
articles to the Journal of the Society of Chemical Industry. In 
addition, Wright wrote a book for general readers, entitled The 
Threshold of tide nee, and another on Oils , Fats, and Waxes. 

Wright was an original member of the Institute of Chemistry, and 
of the Physical Society. He was elected a Ifollow of the Royal 
Society m 1881. He was a D.Sc. of the London University, and 
B.Sc. of the Victoria University. Although reference to many of the 
branches of original work undertaken by Wright has been omitted, 
yet, from, the brief account given, sufficient indication can bo obtained 
of his remarkable productiveness and versatility as an original 
enquirer. His indefatigability is the more striking when it is borne 
in mind that from a boy ho had suffored from disease of the hip, 
which was constantly tho cause of severo suffering to him, but which 
ho never allowed to interfere with the geniality and kindness of 
maimer that won for him so many friends. Of late years the lameness 
due to tho hip disease prevented his taking sufficient exorcise, but his 
friends were quite unprepared for tho sudden development of diabetes, 
which rapidly caused diabetic coma, and carried him oil on July 25, 
1894, when he had barely attained his forty-ninth year. 

Wo have to deplore tho loss of no fewer than throe of our foreign 
momboi's — Marignae, v. Helmholtz, and Josiah P. Cooke. 

As Marignac's name was ho intimately connected with the rare 
earths, we have requested our foreign mcnibor, Professor Clove, who 
is one of tho chief authorities on tho chemistry of this group, to de- 
liver the Marignae memorial lecture, and especially to propare a 
monograph giving a critical account of the present statoof knowledge 
of the rare earths. As tho anniversary of Marignac’s death falls on 
Banter Monday, it is impossible to meet on that day, and it is a ques- 
tion whether Professor Clove will bo able to attend here; but ho has 
been good enough to transmit the manuscript of his lecture to the 
Treasurer, and should ho bo unable to como over, this will bo printed 
in the Journal.* 

Von Helmholtz has done work of special interest to chemists in 
two directions — in connection with electrolysis and with the theory 
of vortex atoms. I am glad to say that Professor Fitzgerald, F.R.S., 
has been good enough to undertake to deal specially with these 
questions in a memorial lecture on v. Helmholtz, 

* This appeared in jblie Juno No, of ilie Transactions, p. 468. 
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Arrangements arc yet to be completed to obtain a proper discussion 
of the field of chemical work to which Professor Cooke specially 
directed his attention. 

I may state that I have devoted much tune to the preparation of an 
account of certain sections of Hofmann’s work not touched by the 
addresses delivered by Lord Playfair, Sir F. Abel and Dr. Perkin, 
and now that I am relieved from the cares imposed by my office, 1 
anticipate being able very soon to complete this for publication, to- 
gether with the other notices. I may add that during the past three 
years I have devoted all my leisure to the preparation of an account 
of the Society’s work, including an analysis of its publications during 
the past 50 years of its existence ; this has been a task of no slight 
difficulty, and I have been unwilling to issue it in any but a complete 
form, but I am glad to say that I have now all but completed it. 

Our Assistant Secretary has been engaged in verifying our register 
of Fellows, and as illustrating the difficulties in the way I may mention 
that no fewer than 51 Life Fellows have not responded to the request 
for their present addresses. The addresses of 6 Life Follows and 6 
others are unknown beyond question, journals sent to their registered 
addresses having been returned through the post. 

The fact that 564 books have been issued from our library during 
the year is evidence that good use is being made of it. Its growth 
is shown by the following statistics : — 



March 22nd, 
1894. 

Additions in 
1894-95. 

Present 

State. 

Volumes of systematic works. ......... 

3,5X2 

85 

3,597 

Volumes of periodicals 

0,078 

120 

0,798 

Volumes of duplicate periodicals for cir- 
culation 

1,404 

31 

1,435 

Pamphlets 

2,273 

35 

2,308 


13,867 

271 

14,138 


I would again point out that there is abundant opportunity for 
Fellows generally to co-operate in making our library as complete as 
possible by presenting works and by making suggestions. 

I regret to say that a somewhat virulent outbreak of the black* 
balling mania affected one of our elections. I have been at the pains 
to make special inquiries with reference to those who were rejected, 
and am satisfied that, in the majority of cases, they were the victims 
of unjust prejudice ; it ought not to be necessary to point out how 
detrimental to our interests any attempt must be to introduce 
personal considerations into such questions. 
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The number of new Follows admitted into the Society during the 
year is far fewer than last year — 118 instead of 140 — but this, unfor- 
tunately, is due to the fact that 28 of thoso elected have as yet failed 
to satisfy the conditions on which admission into the Society is 
granted. 

As to our scientific activity, the number of communications made 
to us during the year, of which rocoi&s appear in the Proceedings, 
is 132. 

The volume of Transactions published in 1894 contains 83 papers, 
occupying 1,039 pages, many of which undoubtedly possess very con- 
siderable value, and the variety of subjects treated of is surprising. 
The number is somewhat considerably fewer than last year, when 
104 papers were printed in the Transactions, but in thoso days of 
over-production and premature publication this is not necessarily to 
be deplored. 

The average length of a paper dtu*ing the past two years has boon 
about 12 pages. I venture to think that this is far too much, and 
that, as I pointed out Iasi yoar, much might bo done with advantage 
to shorten papers. 

The following statistics relate to our Abstracts. 


Part I. 

Pages. 

No. oi Abstracts. 

Organic Chemistry 

.*•• 631 

1105 

Part II. 

General and Physical Chemistry ...... 

. . . • 

245 

Inorganic Chemistry . 

• • . . 

218 

Minoralogical Chemistry 

■ • • • 

99 

Physiological Chemistry 

Chomisiry of Vegetable Physiology 

• . . * 

and 

163 

Agriculture 

• . . . 

99 

Analytical Chemistry 

• ••< 

328 

Total in Part 11 

.... m 

U52 

Total in Parts 1 and IT 

.... 1128 

2257 


The number of papers abstracted was 389 fewer than in the pre- 
vious year, when the number was abnormally large, but the subject 
index is larger than ever, occupying no fewer than 100 pages. 

I need scarcely say that the Council very fully recognise the great 
value of the work which is done for the Society by both the Editor 
and the Sub-Editor in connection with our Journal. 

T may mention that Mr. Cross has called the attention of the 
Council to the desirability of printing our Journal on paper of a 
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higher quality, and that this question is being carefully inquired into 
by the Publication Committee. 

Bearing in mind the increase in the size of our Journal, and its 
great value, the Council have resolved to increase the sale price to 
40s. per annum after this year. 

It is a cause of congratulation that tlio Physical Society hah at 
last been led to follow our example and to publish abstracts of 
physical papers. We can heartily wish them success, as the work 
they do will be of the greatest value to us. At present they are 
working on a very modest scale, which they will perforce find dis- 
proportionate to the demands that will inevitably be made on them. 
I imagine it will be for us and others outside the Physical Society to 
make it possible for them to carry on the enterprise with all neces- 
sary completeness. I regard the appeai*ance of the Society at 
Burlington House as a step of great importance, as marking the 
recognition by public opinion of the extreme value of physics. J am 
sure it has given us gieat pleasure to receive them as guests, and to 
arrange that their meetings may take place in our rooms. 

It is also a fortunate circumstance that during the year the various 
Brewing Institutes have undergone amalgamation, and that the 
Federated Institutes now publish a journal containing a record of 
their transactions, as well as abstracts of papers of special ini crest to 
brewers, which promises to be of great value to those concerned in 
the industry. T trust that this is bat the preliminary step towards 
that wider affiliation with the Society ol Chemical Industry to which 
I referred in my previous address (Trans., 1894, 349), whereby all in 
this country who are concerned in the application of chemical science 
to industry will be brought into direct and active co-oporation. 

No happier augury of advancement towards that ideal union of 
the Anglo-Saxon race in the field ol science, on which l dwelt last 
year, could bo wished for than is afforded by the recent establish- 
ment of a New York section of our Society of Chemical Industry 
We must foresee that the gravest competition in the chemical 
industries which we shall bo called on to encounter in the future 
will arise from their extension in America : it is therefore desirable 
that the most amicahlo relations possible should be established, in 
order that the rivalry may be as far as possible deprived of the 
elements of bitterness which too easily attend such struggles. 
Perhaps the step may not be without effect in promoting the union 
of workers in pure chemistry in America at least, if not as well of 
those in America with those in this country. 

In June last, by the courtesy of the Managers, we were enabled to 
hold a special meeting at the Royal Institution, when an account wan 
given by Professor Dewar of observations on phosphorescence and 
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photographic action at very low temp era turns. Professor Dewar 
was enabled to give what was to many a novel and very interest- 
ing demonstration of fixe use of liquid oxygon as a refrigerating 
agent. We have often been indebted to the Institution for tho 
use of its lecture room, hut on this occasion a novel departure was 
made, and we have to thank tho Managers as well as Professor 
Dewar for having so liberally placed the resources of the Institu- 
tion at the disposal of our {Society. 

The technical portion of my address, on “The Nature of Chemical 
Change and the Conditions which dotoi'mine it,’* is so lengthy and so 
full of detail that 3 beg that it may bo taken as read : — 

Sin Frederick A iwi* thereupon proposed a vote of thanks to the 
President, coupled with tho reqncsl that he allow his address to bo 
printed. Dr. W. H. Perkin seconded tlic motion, which was carried, 
by acclamation. Tho President having thanked the meeting, 

Professor Thorpe, the treasurer, gave an account of tho balance 
sheet, which he laid before the Society, duly audited. 

The receipts had boon: — By admission Toes and subscriptions, 
£4049 ; by sale of Journal and advertisements, £470 15$. 6fZ* ; and by 
dividends on invested capital, £3(54 17s. ti<L Tho expenses had been : 
-—On account of tho Journal, £2757 5$. 3d . ; on account of tho Pro- 
ceedings, £239 17$. 3d , ; on account of tho General Index, £112 
19$. 2d . ; on account of the Library, £319 4s\ 2d . ; the total expendi- 
ture being £4135 9$. 11 d. Grants amounting to £197 had boon 
made to Fellows from tho Research Fund during tho year. 

Dr. Gladstone proposed that tho thanks of tho Fellows be tendered 
to the treasurer for his services during tho past year ; this motion was 
seconded by Mr. Oarteighe. 

Tho voto of thanks to the treasurer having been passed, Professor 
Tilden proposed a vote of thanks to the Council and officers. 

Mr. Ucliuor supported tho motion, which was adopted. 

The Treasurer, in responding, proposed a vote of thunks to the 
auditors. Mr. Friswoll seconded the motion, which was unanimously 
adopted, and acknowledged by Mr. Bovan. 

Mr. Warrington proposed a voto of thanks to the Editor, Hub- 
Editor, and Abstractors, which was seconded by Dr, Wynne and 
carried. Mr. Groves biuofly responded. 

Scrutators wore appointed, and a ballot was then taken for tho 
election of officers and Council for the ensuing year ; the following 
were sxibsoquentlv declared elected : — 

Preddent: A. Vernon Harcourt, M.A., LL.I)., D.U.L., F.R.S. 

Vice-Presidents who have filled the office of President : Sir F. A. Abel, 
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Barb., K.OB, D.C.L., F.R.S.; H. E. Armstrong, LL.D., Ph.D.; 

F.R.S.; A. Crum Brown, D.Sc., F.R.S. ; W. Crookes, F.R.S., 

E. Frankland, D.C.L., F.R.S.; Sir J. H. Gilbert, Ph.D., F.R.S.; 
J. EE. Gladstone, Ph.D., F.R.S.; H. Muller, Pli.D., F.R.S.; W. 
Odling, M.B., F.R.S.; W. H. Perkin, LL.D., Ph.D., F.R.S.; Lord 
Playfair, K.C.B., Ph.D., F.R.S. ; Sir H, E. Roscoe, LL. D., F.R.S. ; 
W. J. Russell, Ph.D., F.R.S. ; A. W. Williamson, LL.D., F.R.S. 

Vice-Presidents : E. Atkinson, Ph.D.; Horace T. Brown, F.R.S.; 

F. R. Japp, M.A., Ph.D., LL.D., FR.S. ; Ludwig Mond, B\R.S.; 

G. O’Sullivau, F.R.S. ; W. C. Roberts- Austen, C.B., F.R.S. 
Secretaries : J. M. Thomson ; W. R. Duustan, M.A., F.R.S. 

Foreign Secretary : Raphael Meldola, F.R.S. 

Treasurer : T. E. Thorpe, LL.D., F.R.S. 

Other Members of Council: P. P. Bedson, D.So. ; B. H. Brough; 

H. B Dixon, F.R.S. ; Bernard Dyer, D.Se. ; R. J. Friswell ; 
0. Hehner; F. S. Kipping, Ph.D., D.Se.; H, McLeod, F.R.S.; 
W. A. Shenstone; T. Stevenson, M.D. ; W. P. Wynne, D.Sc.; 
S. Young, D.Sc., F.R.S. 


The nature of chemical change and the conditions which determine it.* 

u All the facts show u& that that power commonly called chemical affinity can be 
communicated to a distance through the metals and certain forms of carbon; that 
the electric current is only another form of the forces of chemical affinity ; that its 
power is in proportion to the chemical affinities producing it; that when it is 
deficient in force it may bo helped by calling in chemical aid, the want in the 
former being made up by an equivalent of the Utter; that, in other words, the 
forces termed chemical affinity and electricity are one and the smne”f — Kara day’ s 
Experimental Researches in Electricity, 1834, Series VI IT, § 018. 

Foremost among the problems to which during recent years atten- 
tion has been devoted is that of the nature of chemical change. 
Whilst English workers especially have mado most import aut con- 
tributions to our knowledge of the conditions under which change 
will occur, J foreign workers have been most active and successful in 

* Time did not permit of my giving an account of this portion of my address at 
the Anniversary Meeting. It deals with a very difficult subject, and, on revising 
the draft, I could not but feel that there was much in it that might bo improved ; 
but as such work could not be done effectively at, a time when thoughts of other 
subjects filled the mind, I have waited until the long vacation to carefully recon- 
sider it. Although still dissatisfied with my statement as a clear and complete 
picture, I venture to put it forward in the hope of calling attention to the numerous 
important considerations awaiting discussion. 

t The italics are Faraday’s own. 

X Compare H. B. Baker (Trans,, 1894, 623), where a list of investigations on the 
influence of moisture on chemical change is given ; H. B. Dixon, down, of Gas 
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developing mathematical methods of treating the subject. Indeed, 
the statement recently inn do in a prominent chemical journal that “it 
has certainly become impossible to read chemical theory without a 
working knowledge of the calculus M is a striking comment on the 
alterations in the conditions under which the chemist will work in 
the future, which must serve to remind us how very different a pre- 
paration students must now undergo if they desire to thoroughly 
master the theories of our science. 

The subject first came under consideration in this Socioty just ten 
years ago. In the discussion on Mr. Brereton leaker’s paper on 
combustion in dried gases (compare Proceedings, 1885, 37), I ven- 
tured to insist that the evidence that action did not take placo 
between two substances was so strong that chemists would ore long 
be forced to form a definite conception of the nature of chemical 
action and of the conditions under which chemical action could take 
place; and I then pointed out that physicists were in advance of 
chemists, drawing attention to Ayrton and Perry's paper on tho 
contact theory of voltaic action, in which it is directly staled that 
Ohm’s well-known law is equally applicable to electrical and chemical 
changes.** 5 

On tho occasion in question I defined chemical action as r minted 
electrolysis , and explicitly stated that in any caso in which chemical 
action is to take place it is essential that the system operated on 
shall contain a material of tho nature of an electrolyte. Tho expres- 
sion “ chemical action ** was used as including all cases of exothermic 
change, cases of endothermic change being obviously comparable with 
direct electrolyses, as in all such cases energy from without must bo 
impressed on the system. 

Later in the ypar, at tho British Association meeting at Aberdeen, 
in my address to tho chemical section, 1 discussed tho mutter more 
fully, and then stated in so many words that tho conditions which 
obtain in any voltaic element are those which must bo fulfilled in 
every case of chemical action. 1 carefully pointed out, however, that 
thoro was nothing new in this, and to justify my assertion drew 

Lighting, 1881, 37,704, u On tho oxidation of sulphur dioxide;” W. JT. HumaU, 
J. (7/m. 8oc., 1874, 3, u On tho action of hydrogen on silvornitraioj ” V. II. Voloy, 
Phil. Tram., A., 1891, 279, “ The conditions of chemical change between nitric arid 
and certain metals.” 

* “ Hithorto chemists have only employed the two ideas of chemical affinity and 
the amount of chemical action, but we have shown that those ideas are simplified when 
regarded as electromotive force of contact and currents of electricity. To connect 
the two ideas we have a third, viz., resistance, and the electrical law of Ohm 
becomes the chemical law — the quantity of chemical action in unit time equate the 
sum of a great number of term, each of which is an electromotive force divided 
bg a resistance.** (Ayrton and Perry, Proc. J Bey. Soc., 1887, 37, 227). 



1124 ANNUAL GENERAL MEETING. 

attention to various passages in Faraday's Experimental Ee^turhes m 
Electricity , in -which such a doctrine is laid down in the don rest 
possible terms.* Let me here again say that nothing is i<> nu* more 
surprising than the continued disregard of Faraday’s teaching <>n this 
subject. We know that in regard to purely electrical questions, oven 
in this country, it was not until Clerk Maxwell camo forward hij. 
interpreter that attention became rivetted upon his concept ions; and 
abroad, even Clerk Maxwell was disregarded until Hertz's experi- 
mental demonstration ensured that respect being paid to his pleadings 
which they were so long denied. Faraday’s views regarding chemical 
action have never yet received proper notice, although the language m 
* which they are expressed is so simple and direct that they cannot bo 
misunderstood, and their completeness is surprising. 

^Ijt one conception has been added to Faraday’s teaching tin* I 
„j ttxetefuojvtic or *ds 7 w’ 5 jiissociation or ionisation.” Although in 
troduced by Clausius in I 0G ^ ^ waH 

duced and applied by Arrhenius in 1884, whfr gffffP 
a quantitative form ; but it did not become popular until 1887, when 
Van’t Hoff introduced the conception of osmotic pressure. The 
successful application of the hypothesis in explanation of tho abnor- 
mally high results obtained in the case of conducting solutions at 
once secured for it a very large measure of support. Whatever view 
may ultimately be taken of tbe hypothesis — whether it bo retained 
as a permanent addition to our theories or not — its introduction has 
been eminently fruitful of results, and an already too voluminous 
literature of the subject has grown up with surprising rapidity. Tot 
it appears to me that it has been accepted by a particular school — at 
the head of which stands Ostwald, and who regard and treat all un- 
believers as heretics worthy of the stake — not ns a more working 
hypothesis, but as an absolute creed, without any Sufficient attempt 
having been made to discuss its general probability. And tho applica- 
tion of Avogadro’s axiom to solutions, however successful ns affording 
a mathematical method of discussing results, in principle involves the 
complete disregard of the essential difference between the liquid and 
gaseous states, and of the fact that in liquids tho molecules are sub- 
ject to a control which they mutually exorcise and which dis- 
tinguishes the liquid from the gaseous state. Also it must not bo 
forgotten that tho arguments made uso of apply almost entirely only 
to weak solutions — to solutions to which a law of simple proportion- 
ality may be expected to apply : that, in fact, tho region explored is 
one in which the rate of change is represented practically by a 
straight line. Lastly, it is applicable only to electrolytes. Per- 
sonally, I am still entirely unconvinced of tbe validity of tho 
* Series YII, §§ 830, 868, 869; Till, §§ 809, 918. 
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hypothesis, although no ono can he more willing to admit that in so 
far as weak solutions are concerned, a “low ” has boon discovered which 
is broadly true in mathematical form, however open to question the 
fundamental premises may be on which it is based. I am satisiied 
also that the phenomena of chemical change are, as a rule, far more 
complex in character than is assumed by the advocates of the 
hypothesis. 

If electrolysis, and, therefore, electrolytic conduction bo — as T con- 
tend and have long contended — conditioned Inj a conjoint influence 
exercised by the solvent A and the dissolvod substance 13, there is, 1 
imagine, no reason why other phenomena in which the conjoint in- 
fluence of A and 13 comes into account should not be expressible in 
mathematically similar ways. In extenuation of such heresy, I can 
only quote Clerk Maxwell’s argument that if in a battery a septum 
be used which diminishes the diffusion, it is probable it will increase 
in exactly the same ratio the resistance of the element, because 
electrolytic conduction is a process the mathematical laws of which 
have tlio same form as those of diffusion, and whatovor interferes 
with ono must intorforo equally with the other, the only difference 
being that diffusion is always going on whilst the current flows only 
when the battery is in action. 

It has always appeared to mo that the chief objection to be urged 
against the ionic dissociation hypothesis is the fact that, of the very 
large number of compounds known to us, extraordinarily few arc 
electrolytes — not even metallic chlorides generally are conductors, 
but only a very limitod number ; and it is particularly remarkable 
that whilst such inactive substances as lead and silver chlorides, 
when fused, are among the best conductors known, aluminium 
chloride — one of •the most active compounds with which we are 
acquainted — is apparently not an olootrolyte. Electrolytes are 
clearly a very limited class, and if wo consider the general properties 
of compounds which conduct more or loss readily, whether alone or 
in solution^ and contrast thorn with compounds which aro practi- 
cally dielectrics, it is impossible to discover any good reason why 
“ ionic disruption ” should take place in the case of the one set and 
not in that of the other. And if, confining our attention to acids, 
we contrast those which in solution are apparently good conductors 
with thoso that arc bad conductors, there is again no satisfactory 
“ motive " for so considerable a difference discoverable; for example, 
taking sulphuric and acotio acids, why should the former suffer ionic 
dissociation so readily and to so considerable an extent and the latter 
to so slight an extent ? 1 imagine that it is fair, for this purpose, to 
regard the acids as modified water, and to assume that the slight 
tendency of water to undergo ionic dissociation — of which more later 

von. nxvri. 4 if 
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on — is enhanced by the association of the water with the oxygenated 
group, and that whereas sulphuric anhydride has a marked effeci f 
acetic anhydride has a very slight one. Yet this is hardly satisfac- 
tory, and would probably involve the conclusion that sulphuric acid 
should diminish in conductivity as the temperature is raised, as it 
then dissociates into anhydride and water; the very different be- 
haviour of sulphuric and acetic acids when vaporised, the former 
but not the latter undergoing dissociation, may be regarded as an 
indication that a similar change does not take place in the case of 
acetic acid, and, therefore, it might be supposed that acetic acid 
would undergo ionic dissociation to a far greater extent than is 
assumed to be the case as a consequence of the anhydride retaining 
its influence. 

Jt may possibly be contended, as it has been in the case of water, 
that compounds generally are conductors to a very slight extent; 
hut as all bad conductors seem to become worse conductors as they 
are more carefully purified, the burden of proof rests upon those who 
make such an assertion ; and it is not in accord with the. fact that very 
many such compounds are as active as compounds which conduct 
well, and which are therefore, by hypothesis, more or less fully disso- 
ciated. For exam pic, acid chlorides generally act on alcohols genei-ally 
with very considerable readiness under conditions under which the hal- 
hydrides produce but a slight effect. 

With regard to water itself, to argue, as Arrhenius, Os i wald, and 
others have done, from the hydrolytic action of water on tho salts of 
weak acids and bases, that water to a certain but very small extent 
contains ions, that is, K and OH, is but to beg the question entirely, 
and a clear case of reasoning in a circle. 

The recent redetermination of tho electrical conductivity of water 
by F. Kohlrausch and Hoidweiller gives the value 0*04 . 10~ l ° at 18°, 
instead of 025 . 10~ 10 previously arrived at by F. Kohlrausch. Those 
authors have deduced from their results a value for the conductivity 
of pure water, viz., 10 10 . k =s —0*0861, They calculate that if this 
conductivity he due to the presence of water ions, a cubic metro o£ 
water at 18° would contain 0*08 milligram of dissociated hydrogen 
ions ; and point out that if present only in this excossivoly minute pro- 
portion, there would still be milliards of atoms of hydrogen per oubio 
millimetre, and neighbouring atoms would be separated by distances 
of the order of light waves in dimension. These conclusions, how- 
ever, are based on the acceptance of the view put forward by 
Arrhenius, that the dissociated ions alone conduct the current — from 
my point of view, therefore, it is a case of deducing one unknown* 
with the aid of another unknown — of proving one assumption by 
another assumption, which is admittedly an unsatisfactory pro- 
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ceeding. I venture to think that it is still open to question whether 
pure water, indeed whether any pure substance outside a very limited 
number perhaps, such as the silver haloids, &e., bo an electrolyte. 
"Minute in the highest degree as the amount of impurity in the water 
examined by Koblrausch and Heidweillor must have been, yet even 
this may have exercised a very considerable effect, and in fact there 
is clear evidence in the pa pci* that an extremely minute amount of 
impurity does so act. Moreover, the difference betwon the lowest 
observed value and the corrected value appears disproportionately 
small when the reduction of the value previously obtained by Kohl- 
rausch, effected by the removal of what after all must have been a 
very minute amount of impurity, is considered. The point is one of 
the utmost importance, and cannot be lightly brushed aside. 

The methods made use of in calculating the amount of ionic disso- 
ciation of water are apparently all open to the criticism that they 
arc based on eminently hypothetical premises, and it is particularly 
open to question whether the phenomena from which fundamental 
values have been deduced have received tho proper interpretation. 
For example, the origin of the E.M.F. devolopod in liquid couples 
such as have been studied by Worm Muller, and much later by 
JNeimst, and of the concentrai ion currents of von Helmholtz, is by no 
means clear. Nernst assumes that ^panch cases forces acting at tho 
olectrodo surfaces are entirely eliminated, hut, if so, it is not clear 
why any more than when an acid neutralises an alkali an E.M.F* 
should be developed, for I imagine that in all such cases tho changes 
take place within closed circuits. In fine, T am inclined to doubt 
whether polarisation effects can ho regarded as eliminated; tho 
enquix*y must ho included with that into the existence of a true con- 
tact difference of potential independent of chemical change. Tlio 
values dedueod by Ostwald arc bast'd on tho study of couples of the 
form : — platinum-hydrogen | acid | alkali | hydrogen-platinum, and it 
is absumod that ihe E.M.F. devolopod is duo to the formation at tho 
one olectrodo of water from tho hydrogen and the OH ions in the 
liquid, and at tho other of hydrogen from hydrogen ions in tho liquid 
and tho hydrogen of tho electrode. Unfortunately tho description 
promised of the experiments has not yet boon given* and it is there- 
fore difficult to criticise them ; it is not impossible, however, that the 
real causo of the E.M.F. was dissolved oxygon. 

Pure liquids do not conduct, according to Kolilrauscli, because (as 
Ostwald has put it, Brit . Absoc. Report) 1890, 335) their molecules 
have no space within which to resolve thomseivos into ions, and it is 
therefore not improbable that water would conduct eleotrolytically — 
and T presume that Ostwald meant even to imply that it would bo a 
good conductor, as he immediately afterwards spoke of water too 
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containing ions to a certain but very small extent — if we could find a 
suitable solvent for it. But we never have found a suitable solvent — 
unless it be hydrogen chloride. The fact that single substances such 
as the silver haloids, when liquefied, readily conduct would appear 
in itself to be a sufficient argument in controversion of Kohlransch’s 
explanation of the influence of the solvent. Moreover, it is to bo 
supposed that any liquid - capable of acting as a solvent should con- 
dition electrolysis if the function of the solvent be but to act as a 
screen. 

As a matter of fact, there is good reason to think that among 
liquids, water is the only effective solvent that we can use ! 

Alcoholic and some other solutions, it is true, conduct more or loss 
well, but it is by no means improbable that when every precaution is 
taken to deal with highly purified materials, and especially to dehy- 
drate the alcohol as fully as possible, such solutions will be found to bo 
practically destitute of conducting power. This is the more likely 
now that Perkin has established the incorrectness of the supposition 
that nntil recently has always been made that hydrogen chloride, 
when dissolved in alcohol, acts fairly readily on it (Trans., 1894, 23). 
The observations made by Coldridge showing that solutions of hydro- 
gen chloride in stannic chloride are but slightly conductive are also 
significant (Phil. Mag., 1890, 29, 383).* 

If it be assumed that even pure water is to some slight extent dis- 
sociated, it is, at least, probable that liquid hydrogen ehloindo would 
contain some small proportion of ions prior to admixture with water ; 
and, in point of fact, it is impossible to urge any reason why the one 
compound should be regarded as more dissociated than the other 
in the pure state. Yet the “ ionists 99 not only assert that when 
hydrogen chloride dissolves in water it becomes almost completely 
separated into its ions, but make the arbitrary assumption that prac- 
tically it alone is dissociated, the extent to which the water is dis- 
sociated being, indeed, diminished by its admixture with hydrogen 
chloride, according to their view. This question is of fundamental 
importance as bearing on the validity of tho argumont on which 
Ostwald and others have sought to base a method of determining tho 
heat of formation of water from its ions and on the interpretation 
they have given of the changes attending the neutralisation of acids 
by alkalis. 

I long ago insisted that we have no right to draw any marked dis- 
tinction between hydrogen chloride on the one hand and water on the 
other, inasmuch as, in so far as the chemist can test them, they do 
not differ markedly in stability. I venture to think that no sufficient 

* These observations require to be repeated, taking every possible precaution to 
exclude moisture. 
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answer has been made to my objection. To say that analogous com- 
pounds such as NC1 8 and PC1 3 , or N 2 0 5 and P a 0 6 , exhibit differences 
equal to those manifested between HOI and H 2 0 is incorrect and 
beside the point — they are vastly different in stability; water and 
hydrogen chloride are not (compare Ostwald, Zeit. physikal. Ohem^ 7, 
418). So long as it was asserted that water, per se, underwent no 
change, the position was, perhaps, in a moasure defensible; but 
wheu it is argued that pure water does dissociate into its ions, this 
advantage is sacrificed ; the possibility of a change taking place in 
pure water being granted, it is no longer justifiable to draw a hard 
and fast distinction between water and hydrogen chloride. This 
argument is most materially strengthened by the fact that the 
majority of compounds are not electrolytes. 

Although those who uphold the ionic hypothesis regard the solvent 
as mainly inactive, yet they do not deny that it may oxort some influence 
comparable with that exercised by raising the temperature (compare 
Ostwald, Zeit. physi'Jcal. Chem., 1891, 7, 421 ; Lehrbnoh , 2nd od., 1,776). 
But it is impossible to gainsay that it has an altogether extraordinary 
effect in many cases. For example, in the case of hydrogen chloride, 
it is only necessary to mix this with nine molecular proportions of 
water to obtain a solution of maximum conductivity, in which, if we 
are to believe the ionists, nearly the whole of the dissolved hydrogon 
chloride is resolved into its ions. It is scarcely conceivable, how- 
ever, that so small a proportion of water molecules should suffice to 
practically entirely prevent the reunion of ions which cannot by hypo- 
thesis he kept apart in the absence of the solvent ; and the conclusion 
is tho more striking if it be remembered that, according to Ostwald, 
hydrogen silicon fluorido only begins to undergo hydrolysis when 
present in a solution to the extent of loss than 1 per cent., a very 
large proportion of water being roquired to prevent tho rovorsaJ oC 
tho interchange H*SiF 0 4 - 2H*0 =5 SiOa + 6HF — in other words, a 
compound which is almost generally regarded as a molecular com- 
pound is far loss readily broken up* than one of tho most stable of 

atomic compounds ! tf 

Or, taking the case of sulphuric acid, how are we to satisfactorily 
explain by the ionic dissociation hypothesis the fact established by 
JT, Kolilransch that the amount of acid required to form a solution 
of maximum conductivity increases as tho temperature rises, from 
30*2 at 0° to 35*4 per cent, at 70° P If, however, electrolysis occur 
within a system of acid and water molecules, as a rise of tempora- 

* Incidentally it may be asked, how is the formation of hydrogon silicon fluoride 
from solid silica and hydrogen fluorido to he explained; and how ere wo to 
reconcile tho fact that action takes place with such extreme readiness when 
hydrogen fluoride is by hypothesis so slightly dissociated P 
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ture would promote the occurrence of dissociation in such a system, 
a larger proportion of acid would be required at higher temperatures 
to maintain the system of the same average composition. 

In fact, I believe it is impossible to deny that the solvent is in- 
tensely active, and that it is no mere screen preventing ro-combiua- 
tion of the ions — it is rather to be supposed that the occurrence of 
electrolysis in a solution of hydrogen chloride, for example, is in 
someway directly conditioned by the conjoint influence of the solvent 
and the dissolved substance ; that electrolysis is not merely an affair 
of atoms, of ions, but of complex molecular systems ; and, most im- 
portant of all — that water, perhaps, is altogether peculiar among solvents 
as furnishing solutions which can he electrolysed . 

* 

Having thus considered some of the apparent anomalies of the 
ionic dissociation hypothesis, I may now briefly refer to evidence of 
its insufficiency in the case of interactions in which substances aro 
concerned which are not electrolytes — a condition which is not 
fulfilled in the case of a very large number, indeed an overwhelming 
majority, of carbon compounds* Ho doubt it may be asserted that, 
at all events, the agent used is dissociated, and that, consequently, 
the compound which is attacked is subject to the action of ions just 
as tho zinc is in a voltaic cell. But is this a sufficient explanation ? 
Consider the case of the hydrolysis of su gar —admitting, for tho sake 
of argument, that when this is effected by dilufco acid, tho ions of the 
acid and of water either simultaneously or succes&ivoly attack tho 
sugar molecule; how are we to explain the action of tho enzyme 
invertase V This cannot well be regarded as an electrolyte ; and it is 
not sufficient even to assert that it does, to some slight oxtont, 
undergo dissociation into ions — it acts so readily, more readily oven 
than an acid which, by hypothesis, is to a very great extent dissociated, 
that if at all dissociated it is presumably highly dissociated. Tho 
selective action of enzymes on glucosides, Ac., is also very remarkable, 
as acids do notact selectively. 

Difficulties such as appear to beset the ionic dissociation hypothesis 
are not met with in considering the alternative association hypothesis, 
and if this can be shown to be compatible with electrical require- 
ments, it should command more general consideration— in fact, there 
have been many indications of late that this view is once more 
coming into prominence. Briefly stated, the hypothesis involves the 
assumption that complication not simplification precedes most, if 
not all, chemical changes ; that complex molecular systems are first 
formed from the interacting substances, and that these, on breaking 
down, suffer rearrangement of the parts — such rearrangement taking 
place {in consequence of elements which were previously separate 



ANNUAL GENERAL MEETING. 


1131 


being brought into one common “sphere of activity” within which 
it is possible for them to interact. The function of condensing and 
other agents — of catalysts generally — on this hypothesis is that 
of collecting into one system the vaiious elements necessary for the 
occurrence of a particular change. Such systems may he regarded as, 
and, in fact, would be, closed voltaic circuits or potential circuits 
requiring only the removal of a resistance to convert them into closed 
circuits. The action of aluminium chloride, for example, in condition- 
ing the formation of homologues of benzene from the two substance's 
benzene and methyl chloride — both undoubtedly dielectrics, T imagine, 
which when together alone are entirely without action on each other, 
may he ascribed to the formation of an unstable compound of both 
with the metallic chloride. In like manner, it may he supposed that 
ferric chloride conditions the interaction of bromine and benzene by 
combining with both, and so bringing them both within each others 
range in an unstable system. The function of enzymes in promoting 
hydrolysis, referred to above, on this hypothesis, consists in bringing 
water into conjunction with the carbohydmte by combining with 
both. Lastly, if it he assumed that a solution consists of dissociable 
molecular compounds of solvent and dissolved substance, the occur- 
rence of change on dissolving two substances in a common solvent, 
as in tho case of methyl iodide and silvor nitrate in alcohol, may 
often he conditioned by tho solvent acting as “ condonsing agent ” or 
catalyst. 

Professor Fitzgerald, who has carefully considered this hypothesis, 
if I rightly understand his argument, soems to see no difficulty in 
applying it to the explanation of electrical phenomena. The modifi- 
cation of Grotthus’s hypothesis, which ho has suggested, is certainly 
ono which appears to be in entire harmony with chemical experience, 
and it is so important that tho question should bo fully discussed, 
that I will venture to quote his statements almost in their entirety 
from the Brit Assoc, Report, 1890, 142, where they arc too likoly to 
escape genoral attention. 41 * 

* “Electrolysis lias been explained on two different theories by Grot thus and 
Clausius. As generally roeexved they differ. Grotthus’s theory, as generally 
given, assumes that the molecules in an electrolyte ore both polarised ami moved 
by the electric forces within the liquid. This seems so far untenable that it would 
appear that double the electric force would double both the polarisation and the 
motion of the molecules, and so should produce four times the electrolysis. Tho 
objection, however, assumes that we know the causes resisting tho motion, and with 
proper and not very improbable assumptions as to tho resistance to motion depending 
on it and on the polarisation, a linear relation between current and electromotive 
force, i.e. } obedience to Ohm's law soems possible. A modification of Grottbns’s 
hypothesis m the dneetion of Clausius’s is, however, possible. Suppose that when 
polarised, tho molecules drew one another apart at a rate proportional to the 
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* above that the complex systems witliia whieli cliOT.iical 
k med to take place would be closed voltaic circuits. It 
^ected that evidence of the occurrence of electrolysis and 
* change as interdependent phenomena within such systems 

.sation. This at once makes the relation between electric force and the dccom- 
,tion a linear one, and so satisfies Ohm’s law in the case of small currents. It 
so so far agrees with. Clausiu&’s hypothesis that it explains electrolysis and double 
decomposition as properties of the some kind. The molecules in a liquid will 
occasionally be arranged by accident in a proper polarised condition in a closed 
circuit for drawing one another apart ; and if the circuit includes molecules t 
different kinds, there will result double decomposition. There seem to be reff 
serious diflSc xdties in supposing that uucombined atoms are for any finite time free 
in the liquid; and the supposition that it is a particular arrangement that is 
required before exchanges take place, and that with this arrangement exchanges take 
place of their own accord, seems to explain electrolysis and double decomposition 

without supposing free atoms to exist within the liquid 

« There are some other phenomena that hare been explained upon the supposi- 
tion that free atoms are gadding about in a liquid. Such are the lowering of the 
boiling and freezing points by solutions of salts and their effect on osmotic pressure. 
If dissociated atoms are going about in a liquid as in a gas, it seems impossible hut 
that they must diffuse at different rates ; and that this is not observed seems con- 
clusive against the hypothesis, no matter what else the hypothesis may explain. 
Consider solution simply. Why does chloride of sodium dissolve in water ? There 
must be some strong affinity between the two of a chemical or semi-clieimcai nature 
to break up the cohesion of the crystal; and it seems reasonable to assume that 
this same affinity keeps the molecules of NaCl moving about among the water* mole- 
cules so that they diffuse about. Nqw if tho forces drawing thorn about bo inde- 
pendent of the nature of the molecule, most of the phenomena explained by gaseous- 
laws are explained. Pressure of a gas depends, at any temperature, on tho number 
of molecules and not on their kind. This is Avogadro*B law, by which molecular 
weights are calculated ; and if the forces drawing a molecule about in a liquid art 1 * 
independent of tho kind of molecule, tho very same law of pressure would hold, 
tho pressure forwards of molecules of different kinds would depend on their 
number only, and in tho same way as Avogadro’s law would enable molecular 
weights to be calculated. In tins connection it is woll to state that some bodies 
may be much bettor able to produce pressure than others, bocauso of their being 
more easily polarised, /.<*., turned into an effective direction. A moloeulo which 
could be easily turned into an effective direction would bo about twieo as effective 
as a molecule which went about in a higgledy-pigglody way 5 and ono would con- 
sequently expect electrolytes to produce more, nearly double, tho osmotic pressure- 
that others did. As to tho clutngee of boiling and freezing points, thoy seem ex- 
plicable by exactly the same hypothesis. The reduction of vapour pressure by 
molecular affinity of dissolved salt would depend only on the number of molecules- 
of salt if all salts have the same molecular affinity for water ; and the same would 
apply to the change in freezing point. Hence all these phenomena arc explained 
without assuming free atoms, and they are all explained by what can hardly avoid 
being a vera causa , namely, whatever affinities they are that cause solution, which 
latter is an unexplained phenomenon on the dissociation hypothesis. That it is 
reasonable to think that tho forces keeping the molecules of salt moving about in 
the water are independent of the nature of the salt, appears from various consider**- 
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will frequently evade detection, as more often than not we have to do 
with circuits which cannot bo explored; and on this account also our 
power of availing onrselves of the energy of chemical change is 
strictly limited. Probably no discovery could be made which would 
be of greater technical importance than the discovery of a method of 
burning fuel electrically, so as to produce electricity instead of 
heat. Hydrogen may be burnt electrically in the manner discovered 
by Grove, apparently because it is possible by means of platinum to 
connect both hydrogen and oxygen in circnit with an electrolyte such 
as diluted sulphuric acid ; but we have not yet succeeded in discover- 
ing a method of “ platiug ” a conductor with carbonic oxide which 
would enable us to arrange it in a circuit with oxygon. If this could 
bo done, probably the problem would be soon solved. In the case of 
solid fuel the problem presents other difficulties, especially that 
arising from the want of suitable electrolytes : thus, although heated 
lead oxide is readily reduced by carbon, it docs not behave as an 
electrolyte when the attempt is made to burn carbon electrically by 
means of it, the action being purely local. Tn like manner we have 
to discover a means of converting nitrogon into either ammonia or a 
nitrate comparable with that which apparently enables the papilio- 
naceous plant or associated bacteroid to assimilato nitrogen from the 
atmosphere. 

Having broadly laid down the principle that chemical changes, 
consist in the exchange of ions, and theroforo take place exclusively 
between ions, the u ionists ” may be prosumod to accept the view that 
chemical and electrolytic changes generally aro synonymoas opera- 
tions. This being tbc case, it is romarkablo how little has boon done 
by way of applying the hypothesis except as a means of correcting 
values obtained in working with solutions which behavo as electro- 
lytes. The expansion and application of Faraday’s conceptions to 
the explanation of chemical change generally appears indeed to have 
been retarded rather than advanced by iho assertions lormijjaiotl by 
the advocates of ionisation as a precedent cause of chomical chango ; 
indeed Faraday’s writings appear to have received no notice from the 
school. Ho attempt has boon made to differentiate electrolytes from 
dielectrics by explaining either the essential peculiarities of cither 
class or the co-ordination of composition, structure, and function ; 
or to explain the extreme readiness with which dielectrics are in 
many cases acted on; or to define the conditions under which 

tions. In the first place, these forces are hi all probability due to the residual 
affinities of the non-metallio elements. Tlieso same forces are probably the cause 
of crystallisation. These ore old suggestions. That these residual affinities should 
ho nearly the same for different combinations does not seem at all unlikely . * 
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chemical change will occur ; or to explaiu tho readiness with 
which a minute amount of “ impurity ” will often condition change. 

Whatever hypothesis he adopted, tho determination o£ the essential 
•qualities of an electrolyte — a correct answer to the question: What 
is an electrolyte ? — is of fundamental importance. The electricians 
wonld say it is a substance which, whilst conducting, undergoes de- 
composition, which is a purely practical definition. The “ionists ” 
say that it is a substance in a state of ionic dissociation ; but theirs is 
a dissociation of a most mysterious kind — confined to a very limited 
number of substances — affecting members of the same group in a 
most arbitrary manner, as whilst some respond, others do not, to the 
call to ionise on entering into solution — in no way to be co-ordinated 
with their relative stability as determined by any ordinary chemical 
method — and conditioned by the agencyof a solvent which, though by 
hypothesis a mere screen, yet exercises a most potent influence, as 
solvents generally besides this one have little if any action. X dis- 
cussed the question tentatively at Aberdeen, bat did not arrive at 
any satisfactory conclusion as regards compounds which per $e act as 
electrolytes. Facts have since come to light which make me more 
hopeful. In the case of the metallic protoohlorides, so many of which 
are electrolytes, whilst the corresponding perchlorides are not, elec- 
trolysis involves the chloride acting both as electrolyte and “chlorine 
depolariser,” and it is conceivable that the occurrence of decomposi- 
tion is dependent on, and in a measure conditioned by, the depolari- 
sation— in other words, that ’separate molecules aro conjointly influ- 
enced by the electromotive force, and that while under it tho one 
molecule promotes the decomposition of tho other. The 
readiness with which the silver and lead haloids undergo 
electrolysis may be explained in a similar manner, if it 
be assumed that they aro capable of oxoroising at least a 
temporary affinity for halogens. It is remarkable that the elements 
from which olectrolysable haloids are derived occur closely together 
in the periodic system, and it may bo said within the soctiou of the 
alkali metals. As the alkali metals form tri-iodides, and similar 
compounds have been obtained from silver haloids, as well as tetra- 
haloid compounds of lead, there is reason to believe that the power 
of attracting halogens here postulated is actually existent, especially 
at high temperatures, when the fundamental molecules may bo sup- 
posed to be more or less free from mutual control, and more likely, 
therefore, to form compounds with other elements. 

From this point of view, the behaviour of silver haloids 'and of 
other substances which act as simple electrolytes is strictly compar- 
able with that of composite electrolytes, as I have termed conducting 
mixtures of dielectrics ; and if such a view could bo accepted, the 



ANNUAL GENERAL MEETING, 


1135 


phenomenon of electrolysis would appear to be strictly comparable 
with those of chemical change — both would occur within complex 
molecular systems. The behaviour of aqueous solutions on electro- 
lysis may conceivably be more analogous to that of haloids than is 
•commonly supposed, if it should turn out, for example, that, in the 
case of solutions of sulphuric acid in water, the first products of 
electrolysis are, as I have tentatively argued (compare Proceedings, 
1893, 190), hydrogen and persutyhitric acid . As I will show later on, 
it would not he difficult to apply a similar hypothesis to other acids 
and generally to aqueous solutions — especially if water be the signifi- 
cant substance in all these changes. 

In discussing this, it is necessary to consider the acids themselves, 
as the suggestion here made in a measure involves the conception 
that acids such as sulphuric acid arc hydrates, not hydroxides. With- 
out attempting to discuss this matter in detail, I may say that, in my 
opinion, there is no evidence which in any way obliges us to regard 
sulphuric acid as S0 2 (0H) 2 ; on the contrary, all the arguments are 
equally compatible with the assumption that it is a compound such 
♦as may be represented by the formula SOyOH*, in which the radicles 
S0 3 and OH 2 are still preserved. There is no reason why such a 
view should not be extended to all “ inorganic ” acids, and if it be 
assumed that solutions of the lialhydridea contain hydrates, the 
behaviour of such solutions as acids is strictly comparable with that 
of acids generally. Organic acids are peculiar in so many ways that 
•they may well also be peculiar in thoir constitution and different 
from those derived from elementary oxides. 

If sulphuric acid be a hydrate, viz., tf (VOH 2 , persulphuric acid is 
probably S0 3 *0 2 H 2} * and the formation of the latter during electro- 
lysis as the primary product would, in a sense, involve the oxidation 
of water, so that the change would bo similar in form to that which 
I have supposed to occur when a silver haloid is electrolysed. By 
thus extending the view that electrolysis is the outcome of the com- 
bined action of the electromotive force and of some offect which the 
one set of molecules exerts upon the other sot while both aro under 
the influence of the electromotive force, a clearer conception is gained 
of the possible nature of the effect which the one set of molecules 
oxercises on the other set. The peculiar value of water as a solvent 
is also in a measure explained. 

As regards the differences observed between acids, I have else- 
where pointed out in a note on the formation of salts ( Ohem . Soc* 
JProc. 9 1891, p. 118), that “ It may be supposed that in all cases the 
acid and the base in the first instance combine, and that the salt is 

* Berbholoi has actually obtained a persulphate from sulphuric anhydride and 
a peroxide. 
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formed by subsequent interactions within the molecule, Tn like 
manner, acids form dissociable compounds with water, and it is by 
the occurrence of change within such systems under the influence of 
an electromotive force that electrolysis is effected. In those cases in 
which the compound is highly unstable and prone to dissociato, the 
opportunity for change to take place within the system is but slight, 
and consequently the acid is a weak one and its solution of relatively 
low conducting power.” 

The argument here used would apply equally to alkalis and salts, 
although it may be doubted whether dissolved salts as such promote 
electrolysis : it is not improbable that they are more or less hydro- 
lysed, and that the products condition electrolysis ; on this assump- 
tion, the conductivities of salt solutions afford a measure of the 
extent to which hydrolysis has taken place in them. 

Experience shows that action at once necessarily takes place so 
soon as a conducting circuit is established, provided that the sum of 
the changes be exothermic — thus, copper readily dissolves in cold 
dilute sulphuric acid if coupled with platinum in nitric acid, or in 
presence of oxygen, although the heat of dissolution of copper in 
sulphuric acid is negative. This principle is one of extraordinary 
importance, and I desire to draw attention to one illustration of its 
application which I believe to be of consequence. It is well-known 
that Baeyer in 1870 pointed out that the resolution of glucose during 
fermentation into alcohol and carbon dioxide, and, indeed, the 
phenomena of fermentation generally, may be accounted for by the 
assumption that translocation of hydrogen and oxygen atoms is 
induced through the alternate separation of the elements of water 
and their addition in different order, changes which would involve 
the accumulation of oxygon atoms at certain parts of the molecule, 
thus constituting points of weakness whero disruption of the molecule 
would inevitably occur. This is shown in the following formula, in 
the seoond of which the separating elements are indicated by dots. 


cH.oir 

CH 1 ...OH 

OH, 

CH-OH 

C-OH...H 

9H-OH 

OH-OH 

C...OH...H 

_ 9(0H), 

OH-OH 

9-OH...H 

9(OH), 

OH-OH 

0-0H...H 

0 (OH), 

6h(OH), 

OH...(OH) a 

OH, 

L 

n. 

HI. 


It will be seen that in the product of rehydration (lit), the ter- 
minal groups are fully reduced, whilst there has been an accumula- 
tion of OH groups in other parts of the system. In a molecule so 
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constituted, changes might then set in similar to those involved in 
the resolution of oxalic acid into carbon dioxide and formic acid. 

The conception is one of remarkable beady, and undoubtedly a 
sufficient explanation, as ehangos precisely similar to those attending 
fermentation may bo effected by simple hydrolysis : thus glucose may 
be converted into lactic acid by heating it with alkali ; and on boiling 
fructose with muriatic acid an acid is formed, Le., hnvulinic acid, 
CHs*CO'OHa-OHa‘CO a H, the production of which clearly involves a 
reduction of some of the CHvOIT and CH*OH groups, and oxidation 
of others, in the manner pictured by Baeyor. The only difficulty is 
to account for the occurrence of such changes under the conditions 
px*evailing daring fermentation, and here Baeyor has left the problem 
unsolved. 

I have already drawn attention to the manner in which, perhaps, 
enzymes promote tho hydrolysis of glucosidic compounds. A slight 
extension of tho hypothesis appears to be all that is required to afford 
an explanation of tho changes attending fermentation. Such changes 
are known to occur entirely within the cell, and are, presumably, 
functions of the protoplasm — in other words, they probably occur 
within very complex molecular systems of extreme instability : per- 
haps under the influence of, in contact with, the very same hydrolyst 
(enzyme) which, when separated from the cell, is so active in pro- 
moting the hydrolysis of cane sugar ; or, if not, of substances of a 
similar nature. On inspecting Baoyer’s formulas, it will be noticed 
that during rehydration the elements of the water molecule become 
added ou to non-oontiguous carbon-atoms, and this is not improbably 
frequently a special feature of such changes. Supposing that tho 
protoplasmic hydrolyst were to condition the formation of a con- 
ducting circuit in which any two of the carbon systems 
(QliyOIijCH'OH or 0011) of the glucose molecule and water mole- 
cules wore included, if the total hydrolytic change which could take 
place in such a circuit were exothermic, oven if the change affecting 
tho one group involved an expenditure of energy, water would be 
electrolysed, and its hydrogen would effect the withdrawal of OH 
from tho ono group and its displacement by hydrogen, while oxygon 
would be added to tho other group, it may be directly, or in con- 
sequence of the displacement of H by OH* The different effects 
produced by different organisms, on this hypothesis, would be the 
cousequonco of tho hydrolysis affecting different systems. As most, 
if not all, fermentable compounds are asymmetric, and the enzymes 
are undoubtedly also asymmetric bodies, the direction of attack would 
depend on the character of the asymmetry of both hydrolyte and 
hydrolyst (for nomenclature see Trans., 1890, 528), and only com- 
patible hydrolysts, i.e,, those comp itible with the hydrolyte, would 
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condition hydrolysis and fermentation. 1 venture to think that the 
hypothesis here put forward* not only affords a sufficient explanation 
of the occurrence of change in the maimer suggested by Baoyor, but 
is also of valne as indicating a process by which the “energy” which 
is in defect in one part of a complex molecule may bo supplied from 
another part, a point of some importance, as JE. Fischer’s marvellous 
researches on the carbohydrates and similar compounds clearly prove 
that the several groups of which the carbon-atoms are centres in such 
molecules are practically independent systems which require to bo 
individually influenced. 

Considerations such as these may obviously be applied to all cases 
of chemical change in which complex asymmetric compounds are 
concerned, and are possibly of wide application in explanation of the 
chemistry of vital processes, including those oE disease and death. 

The introduction of new elements into the circuits within which 
normal changes occur, even if these were to remain conducting, 
would necessarily condition some variation in the rate, if not in the 
character, of the change, and even neutral substances would inter- 
fere and affect the rate of dissociation (hydration), for it is probable 
that the systems under consideration are eminently unstable. The 
interposition of non-conductors would cause “death” within the circuit 
affected, and hence indirectly in others. The effects produced by 
alcohol are, perhaps, explicable from this point of view. 

Iu the case of vital processes, it may be pointed out that ono great 
distinction which apparently may bo drawn between actions taking 
placo under “ vital * conditions and those effected in [the laboratory 
arises from the circumstance that in the former case a number of 
changes of distinct types may more often take place, if not simul- 
taneously, at least in rapid succession, affecting differout and it may 
be distant parts of a molecule. It would seem that while included 
within the protoplasmic molecule, in some cases also protection is 
afforded to that part of the molecule which if free would bo the first to 
suffer, as in the case of the oxidation of glucose to glucuronic acid, for 
example, the attack being consequently directed into unusual channels; 
and that in others, molecules are brought into association and caused 
to interact which under ordinary conditions would fail to affoct each 
other. 

Whatever the nature of “ protoplasmic ” molecules, they must bo of 
extreme complexity and, consequently, they must present very many 
active regions to which other groups may become attached and within 

* A verbal statement of the hypothesis was made in the course of a discussion 
in which sections B and D took part at the Bath meeting of the British 
Association in 1888, and I also spoke of it m the course of lecturos delivered 
at the Pharmaceutical Society in 1892. 
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which therefore circuits can be established : hence the marvellous 
power of protoplasm of conditioning a great variety of changes ; and 
it is doubtless the marvellous complexity of the albuminoids which 
lenders such diversity of type possible in both the animal aiul vege- 
table kingdoms. Protoplasmic molecules may indeed be likened to a 
huge modern manufactory within A\hich a great variety of operations 
are being carried on — almost all, in fact, that are necessary for the 
production m its finished state from raw materials ofc the particular 
article manufactured ; man} of the operations go on independently, 
others consecutively and depondentlv : yet all are canned out under 
one guiding impulse, within one sphere of action. 

It can scarcely he doubted that the truth of Faraday’s doctrine of 
the unity of chemical and electrolytic change will ere long be gener- 
ally recognised now that it has been shown in so many cases that 
interaction does not occur between two (pure) substances. 

The essential moment conditioning the occurrence of chemical 
change, according to the view of which l am an advocate, is the 
formation of a conducting systom in which electrolysis can occur, 
and within which, as already said, change will necessarily take place' 
so soon as the system is established, if exothermic change be possible 
undortlie conditions — as in the case of any voltaic cell. SubstiiuHona 
on this hypothesis are but secondary remits consequent on additions. 

Much has been done of late to discover that water plays an all* 
important part in determining many chemical changes, but the* 
nature of the influence which it exerts has been little considered, and 
1 am alone, I believe, in pointing out that mere moisture should be 
insufficient to condition change in many cases — in the formation Of 
water, for example, from hydrogou and oxygen, the interaction of 
nitric oxide and oxygen, or the action of chlorino on metals, <Sro., m 
in such cases there would not bo an electrolyte present. On tht 
other hand, it would presumably suffice to dotormino tho inieraofciw 
of ammonia and hydrogen chloride, for example, as tho latter am 
water together form an electrolyte. 1 bolio\o this to be the criterion 
by which tho efficiency of water per tr maybe judged of: in ofche 
words, that it will pet st * condition tho ocean once of an interactio 
between two substances only if it be capable of forming a compost* 
electrolyte with at least one of them ; in all other oases somethin 
besides water must be present which will lender the water oondm 
ing by forming with it a composite electrolyte. The number of Stf 
substances is, as already pointed out, comparatively limited. 

In fuither illustration of this argument, the rusting of iron may 
referred to, as notwithstanding its importance and the amoon 
discussion it has given rise to, the exact nature of the change it 
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no means determined. According to Crum Brown ( Jouin . Iron and 
Steel Institute , 1888, 2, 129), liquid wator, oxygen and carbon dioxide 
are tho essential elements concerned in the formation of rust. J3nt 
it may well be doubted if a solution of carbon dioxide in pure waier 
be an electrolyte, in which caso perhaps the carbon dioxide initially 
but serves to promote the formation of acid from a trace of some salt 
which happens to be present, and the primary product derived from 
the iron is the corresponding iron salt ; this last, however, being even 
more amenable to attack by carbon dioxide than the salt originally 
present, the acid is continually regenerated. On this view, it is easy 
to understand the protection afforded by an alkali. I have on more 
than one occasion nrged that probably it is always necessary that 
liquid water systems should be formed if change is to occur, at least 
In the case of changes taking place under ordinary conditions, i e , at 
ordinary temperatures. Apparently it is only at high temperatures 
or under the influence of an electric discharge, that this condi- 
tion need not bo secured, and in such oases it may be supposed that 
the conditions are such as to favour the momentary formation of what 
are practically liquid systems iu the atmosphere within which the 
change occurs. It is not improbable that the influence which sur- 
faces often exercise iu promoting gaseous changes may at least in 
some part be duo to the increased opportunity they afford for the 
formation of liquid systems to take place. 

The absolute function which the (composite) elect roly to fulfils in 
such systems is obscure at present, as it is but stating a fact to say 
that the presence of a conductor is essential in order that a current 
may flow: it would seem not improbable that it in some way consti- 
tutes a mechanism whereby tho discharge or degradation of the 
energy expendod in the change is effected. Tho question is one of 
great interest and importance, especially when viewed in connection 
with tho inquiry into the nature of valency and with the fact that 
an action impossible within an endothermic system at once takes 
place when an element (a depolariser) is introduced which consti- 
tutes tho system one within which as a whole ondotherinic change 
can occur. 

H. B. Dixon’s observations on the combustion of carbonic oxide, as 
well as those of Victor Meyer and his co-workers on the formation 
of water, and also those of Pringsheim, followed by those of Victor 
Meyer and Bodenstein, on the formation of hydrogen chloride, all 
bring into prominence the fact that the occurrence of change iu 
gases is dependent on conditions which are essentially of tho same 
order as those obtaining in the caso of liquids. Professor J. J. 
Thomson's observations on the discharge of electricity through gases 
(FMl Mag., 1898, 36, 313) apparently prove that what is true of 
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chemical change is equally true of the electrical discharges which 
can be produced in rarefied gases — that the phenomena in both cases, 
in fact, are electrolytic manifestations, and that discharge could not 
take place in a pure gas. It appears to me unnecessary to assume 
that such changes are dependent on tlio occurrence of atomic dis- 
sociation of the molecules of the interacting substances prior to the 
formation of the molecules of the substances which are the ultimate 
products ; indeed, the observations referred to may almost be regarded 
as proof that such is not the case No more striking evidence that 
the occurrence of a discharge in a gas is dependent on the presence 
of a something besides the gas — on the formation of a complex con- 
ducting system — could be given than is afforded by the beautiful 
experiment exhibited by Dewar at the Royal Institution, showing 
that the discharge at once ceases in one of Crookes's phosphorescent 
tubes on cooling with liquid oxygen. Such treatment cannot be 
supposed to cause the condensation of the residual air, but may well 
condition the deposition of the traces of vapour (? of conducting 
water) present in the gas, thereby destroying the systems within 
which conduction can alone occur. 5 * 

It may be here pointed out that this argument is porhaps also at 
least partially applicable in explanation of the erratic behaviour of 
the disohai'ge in vacuum tubes. If the discharge occur within a 

* It is noteworthy that J. J. Thomson himself draws the conclusion from his 
experiments that the discharge through a gas does nob consist in tearing the atoms 
of a single molecule apart, but rather in tearing atoms from off complex aggregates 
of molecules. I may here point out, with reference to his observation that a much 
higher potential difference is required to start a discharge in a highly dried gas 
than is required to maintain tho discharge when once it lias taken place, that if a 
trace of air were present a trace of nitric acid would bo formed, which might render 
the minute amount of moisture present conducting; during rest this would be 
attracted to tho walls of tho tube, and therefore it would be ut first difficult again 
to start the discharge, as, indeed, ho found to bo the case. 

The proof given by H. B. Baker that dried hydrogen chloride and ammonia arc 
incapable of interacting scorns also to be a strong argument against the conclusion 
that combination takes place between dissociated atoms. The admixture of the two 
gases should have, as consequence, tho dissociation at loast of the haloid, if the 
states of liquid and gaseous solution be directly comparable, as it is asserted they 
are. 

While referring to ammonium compounds, it may also be pointed out that the 
fact that the alkyl-ammonium haloids, such as NMc*I, &c., are not acted on by 
caustic potash, but readily by silver hydroxide, is difficult to explain from tho ionic 
dissociation point of view. Mx hypothetic the haloid and silver hydroxido are both 
to bo regarded as dissociated, as they interact ; but potash is very largely dicso- 
ciated, much more, m fact, than the analogous silver hydroxide— why, then, is it 
inactive P 
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complex system, it may well be that certain conditions will favour 
the formation of a conducting system including one, and others of a 
syst em including another, of several substances present in a tube— 
such an explanation, for example, would account for the fact that the 
mercury spectrum is only sometimes seen in tubes connected with a 
mercury pump. And having regard to the fact that a gas may 
exhibit several spectra, it may be that the spectrum of a given sub- 
stance varies more or less according as it is included in one or other 
of several conducting systems. 

If the occurrence of chemical change be dependent on the forma- 
tion of liquid or quasi-liquid systems, the reduction of temperature 
sufficiently to produce solidification should prevent change. This is 
probably the explanation of observations such as have been made by 
Dewar and Pictet. There is probably no more effective method of 
drying, if drying be defined as the removal of liquid water, than that 
afforded by cooling to the very low temperatures obtainod with the 
aid of liquid oxygen. In like manner, I am inclined to doubt whether 
any photographic action ho possible at very low temperatures, and 
would attribute the slight effect observed by Dewar to the action of 
the phosphorescent light emitted by the plate itself on the sensitive 
film after the temperature has risen sufficiently for the water within 
the film again to become liquid. I have long been convinced that 
photographic phenomena and procedure can and should be treated 
from the electrolytic point of view (Camera Club Journal, 1892, 61, 
124; 1893,48, 71). 

We are but beginning to recogniso that what is true of ordinary 
interchanges, i.e., that the change takes place within a complex con- 
ducting system, must be equally true of changes of tho converse 
order, so-called decompositions, including dissociation phenomena 
generally. Among the chief experimental contributions to our know- 
ledge of this subject, we may reckon first and foremost the classical 
work of Grove on the decomposition of water at high temperatures, 
and the observations of Devillo, as well as those of Victor Moyer 
and Danger, showing that the decomposition of carbon dioxide takes 
place in porcelain at a temperature several hundred dogroes below 
that at which it occurs in platinum vessels. Perhaps Frederick 
Siemens, more than any one, has dwelt on tho influence of condi- 
tions other than those of mere temperature on the stability of 
substances at high temperatures. 

It must always appear paradoxical that water should undergo 
decomposition at a temperature which necessarily must be below that 
which can be developed in its formation by combustion from hydro- 
gen and oxygen; or, assuming that the effect is primarily of an 
electrical character, that it should be decomposed by an electromotive 
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force lower than that which can be devoloped by the interaction of 
the elements into which it is resolved. 

The problem is akin to that involved in the electrolysis of water, 
which can be effected by electromotive forces much smaller than 
about 1*4 volts, the value calculated from the known heat of forma- 
tion of water. 

Two explanations are possible — one involving the assumption of 
dissociation, the other of an available external source of energy; it 
is needless to say that the former has long been the popular view. 
Reference has already been made to current views on the dissociation 
of water, and the question raised whether we aie justified in con- 
cluding that water under ordinary conditions is dissociated, even to 
a very slight extent. But, whatever the ultimate couclusion, even if 
pure water be undissociated and an absolute dielectric, it may well 
be that in the case of a conducting mixture wo arc dealing with 
systems which, although free from any elements of dissociation, may 
yet bo prone to undergo internal changes much after the manner 
of those pictured by Williamson in his celebrated essay on etherifica- 
tion (/. Chem. Soc , 1851, 4, 110), changes which, as Fitzgerald has 
pointed out, would in effect bo of the same order as those postulated 
by the modem school of dissociationists. On the other hand, it is not 
impossible that our conclusions aro all based on observations made 
either with polarised electrodes or with media which have been to 
some extent impure. 

In the experiment devised by Helmholtz and described in his 
Faraday lecture, the attempt was made, by means of an additional 
electrode of palladium which could bo charged with hydrogen, to 
remove all traces of dissolved oxygen, and this object is supposed to 
have been effected ; but C venture to doubt the possibility of seeming 
complete dopolarisation in such a manner. 

With regard to its behaviour at high temperatures, if pure water 
be to sonic slight extent dissociated, even under ordinary conditions, 
as is suggested, it may iairly be expected that it would undergo further 
dissociation, to a greater extent and more readily than appeal's to bo 
the case, as tho temperature is raised; the important experiments made 
by V. Meyer and Longer on the behaviour of various gases at vory high 
temperatures apparently also lend no support to this view. The dis- 
sociation of water takes place more particularly in contact with 
heated platinum — copper, although readily oxidised, appears to have 
no specific influence in promoting its decomposition. Platinum, 
however, occludes both hydrogen and oxygen and may bo supposed to 
be always charged with one or other of these gases — so that if the 
■decomposition of water at high temperatures by platinum take place 
within a circuit including one or other of these gases, the electro- 

4 a 2 
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motive fore© required to procin.cc the change will bo lower than 
that developed in the formation of water owing to the operation 
of a back electromotive force. It may be that heated copper does 
not decompose water, both because it does not polarise as does plaii- 
nnm, and perhaps, also, because the heat of formation ol its oxide is 
lower than that of water under all conditions. 

H. B. Baker’s observations on the influence of moisture on the 
decomposition of ammonium chloride by heat (Trans., L894, 65 , 615) 
are of great importance as the first of their kind, and mnsf serve 
to direct attention to the value of further experiments of a similar 
character. It does not appear to me that we are } ci. justified in assum- 
ing that if dry such a substance would not decompose if heated m y 
should we not perhaps rathei consider that it would decompose some- 
what suddenly when a sufficiently high temporal uro was reached — 
when the temperature was, in fact, a trifle higher than that corre- 
sponding to its heat of formation ? The presence of moisture would 
promote decomposition because it is capable of interact ing exothermic- 
ally with one of the products, viz., hydrogen chloride. As change is 
influenced in both directions by moisture, tlio rate at which it would 
proceed in a case like that of ammonium chloride would, therefore, 
depend on the amount of moisture present; if the amount were very 
small the pressure of dissociation would be attained onlj after the 
lapse of a considerable interval of time. Tho interesting account 
recently given by Rose (Trans., 1895, 61 , 893) of liis observations on 
the influence of moisture on the pressure of dissociation of gold 
chloride — the first of their kind made to test this view I think, 
cloarly appears to afford confirmation of the correctness of this 
conclusion. With reference to this question, it may be here suggested 
that the occurrence of but slight decomposition when calcium car- 
bonate is strongly heated in almost closed vessels may be due not 
only to the fact that under such conditions the maximum opportunity 
is given for recombination, but also to the almost complete exclusion 
of moisture under such conditions. Tho practice of burning chalk 
wet is calculated to favour tlio maintenance of tho ** back olcclromo- 
tive force” developed in tho interaction of lime and water to tlio 
utmost possible extent, and thus to hasten tho rate of change; in 
other words, the acceleration is not the outcome of tho removal of tho 
gaseous products of change alone. Similar considerations apply to 
the incomplete per saltum combustion of gaseous mixtures at high 
temperatures. 

It is an interesting question whether compounds such as potassium 
chlorate, which decompose exothermically, will be affooted by the 
presence of moisture or substances exercising equivalent effects ; and 
this inquiry is clearly of special importance in connection with that 
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into the stability of explosives. "Baker’s experiments have afforded 
negative results, but the subject is deserving of much closer experi- 
mental study. hi such cases we arc dealing with closed systems in 
a measure comparable with a charged Leyden jar, in which there are 
parts capable ol interacting kept asunder by a non-conductor. The 
question is whether change be induced by communication being set 
up between these distant patts by the interposition of an external 
conductor, or, in other words, the completion of a circuit ; or whether 
it be the outcome of a disturbance similar to that which would have 
the effect in the case of a Leyden jar of smashing aside the dielectric 
at some point, and consoqnently of bringing into contact the two 
coatings previously kept apart. The manner in which the decom- 
position of potassium chlorate is promoted by tbo presence of various 
substances might be regarded as evidence in favour of tbo former 
view were it not that anything which would give rise to changes 
developing a back electromotive force would at once alter and, of 
course, increase tbe rate of change ; and such actions are clearly not 
impossible in the case in question. It would be a matter of great 
interest to closely study the behaviour of some of the complex carb- 
oxylic acids which lose carbon dioxide when heated, or of the keto- 
acids from which carbon monoxide is evolved, with the object of 
ascertaining whether the rate of cliango is in any way dependent on 
the amount of impurity present — whether, in fact, such compounds 
would prove to be the more stable the greator the care taken in their 
purification, including dehydration under purification; but it is not 
to be expected that positive results will bo attained in such cases 
until the approach to purity becomes very close. In the case of singly 
substances undergoing rearrangement of parts, it is not unlikely that 
* l residual atiinity ” may come into play as much as it does in the case 
of ordinary interactions, and, therofmo, that such decompositions will 
equally depend on the realisation of particular conditions ; in oihor 
words, that the stability of compounds ordinarily reckoned very 
unstable may bo very considerable in fcho pure state. 

Tbo instability of liquid ozone, to which attention has been drawn 
by Dewax* and Liveing’s observations, for example, may not be au 
intrinsic property of ozone in the liquid state, but may bo conditioned 
by the circumstance that being liquid it is more readily brought into 
circuit or coupled up with impurities which happen to be present, so 
that opportunity is given for change to set in. The decomposition of 
liquid ozone would seem, in fact, to bo comparable with that of a 
liquid system of sulphur dioxide, oxygen and water, in which change 
occms somewhat readily, although a gaseous mixture of the same sub- 
stance is stable, according to H. B. Dixon. 

The argument that changes gonox*ally all occur within compound 
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circuits may, perhaps, even he extended to complex molecules under- 
going change locally, and, indeed, such a step is hut an application of 
the principle already made use of in explanation of fermentation ; 
thus, it is now 'well known, from E. Eischer’s observations, tliai when 
certain salts of gluconic and similar acids are heated they arc con- 
verted into isomeric acids in consequence of a change in oiiontation 
being brought about which is purely local, affecting, as it does, only 
the single asymmetric carbon atom to which the carboxyl group of 
the acid is attached : the change is, therefore, clearly one which takes 
place within a local circuit, and apparently requires for its occur- 
rence the establishment of certain special conditions. Lastly, it may 
be pointed out that cases of so-called tautomeric, or, as I prefer to call 
them, isodynamic, change, would be easily explicable in terms of the 
theory here advanced, without in any way regarding them as spon- 
taneous manifestations of inherent intramolecular activities. 

I would here diiecL attention to the interesting discussion which 
has taken place within recent years as to the origin of flame spectra, 
as to whether snch spectra are heat effects pure and simple or con- 
ditioned by the occurrence of some form of chemical change (compare 
Smithells, Phil. May., 1894, [5], 37, 245, where reference is made to the 
work of several observers bearing on this subject), questions on which 
the last word is clearly far from being said. This, moreover, is but one 
aspect of the wider and deeply interesting problem as to the nature 
of the changes occurring in flames generally and of those which give 
rise to luminosity. It has long been taught that the hydrogen is 
the more combustible clement of hydrocarbons, and, doubtless, this 
doctrine has been too dogmatically and exclusively taught ; hut the 
more modern opposito view, which is tending to become fashionable, 
is probably based on an equally narrow interpretation of tho phe- 
nomena, which, it can scarcely be doubted, are of a very complex 
character and likely to defy our powers o£ analysis for some time to 
come. Personally, I see no absurd dy in the idea that tho hydrogen 
is first burnt and carbon liberated, and tho water subsequently 
unburnt by tho carbon ; but l prefer to represent such combustions 
ns occurring within systems comprising at least oxygen, hydrocarbon 
and water, and the products as being water, carbon monoxide and 
hydrogen. In such a case, I think it would be incorrect to speak of 
either constituent as the more combustible; the nature of the 
change must depend on the nature of the circuit within which tho 
change occurs, and this may well vary with the conditions. 

I have always felt attracted to the views of the origin of luminosity 
in flames put forward by Erankland so far back as 1867, in a remark- 
able course of lectures delivered at the Royal Institution, which 
were fully reported at the time in the Journal of Gas Lighting, and it 
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has seemed to mo that the theory has received far less attention than 
should have “been accorded to it. Interest should be revived in the 
subject by the recent observations of V. 13. Lewes (Proc. fioy. Soc 
1895, 57, 450) on the decomposition of acetylene at high tempera- 
tures, which have led him to suggest that this compound plays the 
chief part in promoting luminosity in hydrocarbon dames, and that 
the heat liberated during its decomposition endows the carbon particles 
produced from it with an incandescence far higher than corresponds 
to the temperature of the dame. It appears to me that while accepting 
this as a partial explanation, it is unnecessary to suppose that luminosity 
is consequent on the production of presumably solid carbon particles ; 
the conversion of acetylene, or other hydrocarbons, at high tempera- 
tures into hydrogen and carbon, although a decomposition in the 
ordinary sense of the term, is doubtless a change involving the interaction 
of several molecules, and the consequent formation of carbon molecules 
of a high order of complexity together with hydrogen molecules ; and it 
is exothermic because the energy liberated in the combination of the 
carbon atoms among themselves, and also of the hydrogen atoms, is far 
in excess of that absorbed in the decomposition of the hydrocarbon 
molecules. The initial luminance may therefore well be that of the 
molecules at the moment oi formation prior to condensation, although 
the continued incandescence of tho carbon molecules after thoir reduc- 
tion to the solid state probably contributes largely to maintain 
luminosity, giving to hydrocarbon flames their special value, perhaps. 
But this is to explain the phenomena in terms of Frankland’s thoory* 
as I understand it, and as appears to be necessary in ordor to explain 
the luminous appearance of a hydrogen-oxygen flame burning under 
pressure, and other cases in which the products of combustion are 
gasoous. 

Of the many directions in which the introduction of electrical 
conceptions into chemistry promises to bo of service, the determina- 
tion of tho “ electromotive efficiency” of chomical change appears to 
bo one of the most important. 

Braun in Germany, and in this country our late distinguished 
Follow, Alder Wright, whose loss we so much deplore, have devoted 
much attention to the determination of “ chomical affinity ” in terms 
of electromotive force, following the method first adopted by Wm. 
Thomson (now Lord Kelvin), and successfully applied by him to the 
Daniel 1 cell. Thomson's calculations involved the assumption that the 
energy of chemical change becomes wholly converted into electrical 
energy, but the comparisons which have been since made seem to show 
that in colls other than the Daniell this is rarely, if ever, the case, 
Helmholtz and others, in fact, have proposed to draw a distinction 
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a free and bound energy, the latter being that portion of tlio 
energy of the system which is not convertible into electrical 
gy but becomes frittered down into heat in chemical changes. 

nas always seemed to me that most physicists who have discussed 
nose matters have had far too little feeling as regards the nature of 
chemical changes, and that the conclusions have been too often 
based on a priori considerations. Obviously, it is necessary to know 
the precise character of the changes going on under particular con- 
ditions in any cell before the attempt can ho mado to ascertain 
whether the electromotive force developed is the precise equivalent of 1 
their “ chemical energy.” Our knowledge as to what goes on in 
solutions is so vague, however, that at present we can never assert 
that we know precisely what is happening in a particular system. 
As Herroun has pointed out in an important paper on u The Diver- 
gence of Electromotive "Forces from Thermochemical Data” (Phil. 
Mag., March, 1889, 209), there is reason to boliovo that in the case 
of a number of metals, silver and mercury, for example, it is probably 
altogether wrong to base calculations on tho assumption that the heat 
of formation of a hydrated salt, or of the salt in a solution of tho 
concentration of that which is ultimately formed in tho cell in which 
the metal is dissolved, is the beau of formation to be made use of in 
the calculation of electromotive force; we must, in many cases, 
rather assume that the anhydrous salt is alone formed in the circuit. 
In liko manner, Robertson and I have contended (Boy. Soc. Prot\, 
1891, 50, 108) that in the lead-sulphuric acid-lead peroxide cell the 
active acid is not that actually filled in, but a lower hydrate or the 
anhydrous acid; in this manner it is possible to account for tho 
cooling observed during the discharge of an “ accumulator,” as the 
separation of molecules ot tho acid from a solution (by dissociation) 
would, of course, involve cooling. 

If, as Faraday has said, the forces termed chemical affinity and 
electricity are ono and tho same, there does not scorn to bo any 
reason why there should not bo an integral conversion of tho energy 
of chemical change, nor any necessarily valid objection to the view 
that an explanation of tho discrepancies which have been observed is 
to be sought for in phenomena that prevent an integral “conversion” 
from being realised. Meanwhile, the determination of electromotive 
force may be of great service as enabling ns to discriminate between 
a number of conceivable modes in which change may occur in a 
given case. Thus it is clear, for example, that whereas a metal like 
anno is dissolved by, say, sulphuric acid in a circuit of which the 
hydrated, not the anhydrous, acid forms a part, metals liko silver, 
mercury, lead aud even nickel (compare Herroun, loo . cit., p. 226) 
require to be coupled with, it may be, the anhydrous acid, but, in 
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any case, with one which is less hydrated than that which is active 
in the case of zinc; the anhydrous salts formed in such cases appa- 
rently undergo hydration outside tho circuit of electrolytic change, 
and their hydration only affects the temperature of the cell, so that 
the phenomena are comparable with those which attend local action 
in a cell in which ordinary or imperfectly amalgamated zinc is used. 

In other words, it is not a mere question as to what is present in a 
solution; the compatibility of the various substances must also he 
considered, and of this we know very little at present. Incompatible 
molecules may get in the way and hinder change, hut only compatible 
molecules can co-operate in changes, so that we cannot simply write 



and treat R as the resistance of the solution as a whole in 


which the change takes place ; it may often bo the resistance of 
circuits within the solution, the precise nature of which it is difficult, 


if not impossible, to determine. 


It is not only on account of the very different behaviour of different 
metals towards acid solutions, however, that the discussion of the 
electromotivo efficiency of various combinations is of interest, it is 
also possessed of a side interest as throwing light on tho behaviour of 
water itself, which is in so many respects peculiar. If it ho possible 
for sulphuric acid molecules, for example, to separate from a solution — 
to dissociate out — and act separately in the presence of water, without 
producing any direct effect on the electromotive force of the cell 
within which the change occurs, the necessary energy being furnished 
by the liquid, which thereby becomes reduced in temperature, it is 
cleat* that the dissociation of hydrates is, in a measure, a phenomenon 
of a peculiar order. It might be supposed that tho energy concerned 
in such changes is tho so-called “ hound M energy of Helmholtz, but 
this can hardly ho tho case, as that which is u bound 99 when the acid 
is included within a circuit with lead is apparontly “free” when 
included in a similar circuit containing zinc in place of lead* 

In discussing elsewhere tho quostion whether a lino cannot be 
drawn between cases in which interaction will, and those in which it 
will not, take place between two pure substances, I have pointed out 
that, although there is little to guide us, it seems not improbable that 
water has special properties which enable it to act directly, at least 
in cases in which dissociable composite electrolytes could be at once 
formed. If this be the criterion adopted, sulphuric anhydride may 
bo expected to combine at once with water without the intervention 
of any other substance, but not with hydrogen chloride ; and alcohol 
to mix with water without undergoing hydration, just as ammonia 
and hydrogen chloride mix without combining. 
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This distinction is made on the assumption that while all liquid 
systems of the formula aHjO^SO* are conductors, the compound 
SOiHCl, as well as mixtures of its constituents, and also pure mix- 
tures of alcohol and water, are non-conductors. In drawing this 
conclusion, it is of course assumed that we can generalise from actual 
observations with liquids as to their ability to co-operate in forming 
electrolytic circuits. The difficulty which apparently is met with in 
coupling carbonic oxide may conceivably arise also in the case of 
liquids ; but it does not appear probable that such will be found to 
be the case, as mixtures of dielectrics, such as water and hydrogen 
chloride, so readily conduct a current. Of course, also, no such 
distinction as is above drawn can be made if pure water be slightly 
dissociated — as some contend it is. 

In attempting to discuss these questions, however, we are entering 
on a field of inquiry in which, at present, we are all but strangers 
— we are, in fact, dealingwith that remarkable class of combinations, 
the so-called molecular compounds, whose existence it is impossible 
to deny, difficult though it be to precisely define them. But that 
they play an all-important part in the course of chemical change, 
there can hardly be a doubt; and it has long seemed probable to 
me that, as I have previously suggested, we may eventually recog- 
nise in them the mechanism through which the degradation of energy 
is effected in chemical changes generally. 

With regard to the spontaneous occurrence of dissociation in a 
case such as that of sulphuric acid, it is all-important, probably, to 
bear in mind that the compound represented by the formula H s SO« 
will combine both with Bulphuric anhydride, on the ouo hand, and 
with water on the other, so that a number of systems of the goneml 
formula ajH«0,yS0 3 are possible. There is thus an essential differ- 
ence between sulphuiic acid and ammonium chloride, for example, 
as the latter has no tendency, apparently, to combine with either of 
its constituent molecules, and, in fact, constitutes a rigid system. It 
may well be that it is only in cases comparable with tliat o£ sul- 
phuric acid that dissociation occurs spontaneously without the inter- 
vention of any other substance, such systems being in the condition 
postulated by Fitzgerald — i.t\, so arranged that changes hike placo 
within them of their own accord— and being the only ones which can 
be formed directly from then* two proximate constituents without the 
intervention of any third substance* The fact that liquid water itself 
almost unquestionably oonsists of a mixture of complex molecules 
and of fundamental molecules such as aro represented by the formula 
33*0 must also be taken into account. In short, it would seem tliat a 
sulphuric acid water system may be likened to a complex system of 
springs, and ammonium chloride to a simple spring; whereas the 
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latter can change only in one direction, and must always be in com- 
pression or extension, the formor may have one part in compression 
and another in extension, and fluctuating changes may easily go on 
within it, and, in consequence, energy be gradually frittered away. 
Such a fluctuating system may be a necessary element in every 
chemical change. 

It is impossible to doubt that, as a means of determining the 
precise character of the changes which may bo going on in a complex 
system, the determination of the electromotive efficiency of various 
combinations will prove to be of the greatest importance. As a 
further illustration of the manner in which wo may derive assistance 
from the introduction of such physical considerations, attention may 
be directed to the complex changes attending the action of metals on 
nitric acid, a subject which has long troubled the minds of chemists, 
and which has always exercised a special fascination over mo. There 
is little, probably no hope, that we shall ever arrive at a satisfactory 
solution of this complex problem, so long as we rogard it from a 
purely chemical point of view. 

The observations of fundamental importance which must be first 
taken into account in discussing such changes are those of Millon 
(1842), Russel (1874) and Veley (1891), showing that silver, copper, 
&c., are not soluble in nitric acid free from nitrous compounds. In 
my opinion, however, these observations cannot bo regarded as proof 
that nitrous acid is the solvont of the metal ; the conclusion to be 
derived from them, I think, is of a far more interesting character. 

Silver has a negath e heat of dissolution, the value calculated from 
the data given by Thomsen being (at 18°) : 

2Ag -f 2HNOsh aq = —51580 gram-dog. 0. units. 

This value, however, is reduced to -*40700 if the heat of dissolution 
of silver nitrate bo deducted. As the reduction of nitric acid to nitric 
peroxide (2HNO,, — O = N«04,H 2 0), according to Thomsen, involves 
an expenditure of but 10010 units, the oxidation by mine acid of the 
hydrogen displaced by silver dissolving in nitric acid would give 
(>8#60 — 10010 58S50 units, which is considerably in excess of tho 

value — 51580, and still more so if the lower value corresponding to the 
formation of the anhydrous salt be taken. Silver, therefore, should bo 
easily soluble in nitric acid if this acid can act as depolamvr. A still 
stronger case may he made out by considering the values for mercury 
and copper, as the heats of dissolution of those metals, although 
negative, are considerably lower than that of silver. Such facts 
appear to leave little room for doubt, and to justify the important 
conclusion that the nitrous compound is tho active depolarisor. 
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To conclude that such metals as bismuth, copper, mercury and 
silver are dissolved by nitrous acid, not by nitric acid, is to attribute 
to nitric acid properties which would make it eniiroly peculiar among 
acids, for it appears to bo a characteristic property of acids generally 
to dissolve metals generally whenever the conditions are such that 
exothermic change can occur. 

It seems to me that such problems can only be treated from an 
electrolytic standpoint, and the fact that we do not always so treat 
them is evidence of a most extraordinary failure on the part of 
chemists to apply Faraday’s teachings. Unfortunately the physicists 
have also neglected this subject, having apparently left it to the 
chemists to discuss the changes attending the interaction of metals 
and acids ; the z*esnlt is blank ignorance of all that is fundamental 
with regard to such matters on the part of both chemists and 
physicists. 

Objection has been taken to the use of the hypothesis of nascent 
hydrogen in explaining the effects produced with nitric acid. No 
doubt the conception is much misunderstood and misused; but it 
is, after all, a conception which cannot be put aside* Hydrogen 
undoubtedly is often displaced and brought into action without ever 
escaping from the circuit in which, and along which, it is displaced ; 
“ nascent ” hydrogen, in fact, is but hydrogen in circuit, tho hydro- 
gen which is active at tho surface of the plates in a Grove’s gas 
battery, or which effects reduction when condensed in charcoal, being 
as much “ nascent ” in this sense as that displaced from water, say, 
by sodium amalgam in presence of a reducible substance. Moreover, 
the “ activity ” of such hydrogen depends entirely on its origin. This 
cannot be denied in face of the fact that if in colls of the Dauioli 
type, for example, cadmium be substituted for zinc, not only is tho 
electromotive force developed lower, but lower to tho extent to which 
tho heat of dissolution of cadmium in the acid used is less than 
that of zinc. 

In dissolving metals in nitric acid, we aro but dealing with “ colls” 
of the Grove type. If nitrous acid bo in any way directly active 
as solvent of tho metal, in all probability it can but act along with 
the nitric acid, and not to its exclusion ; but it is useless to discuss 
this question further until we are sure that nitrous acid actually 
exists, and there is much reason to doubt this. Ah copper is readily 
dissolved by diluted sulphuric acid in presonco of oxygon, although 
insoluble in tho acid alone, it is inconceivable that nitric acid should 
not be equally active in presence of a sufficiently active depolariser — 
when the conditions are such, in fact, as are secured by the presence 
of oxygen together with copper and sulphuric acid, and a system is 
formed within which exothermic change is possible. 
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It appears to me to be highly probable that the active depolarizer 
in the eases considered is nitrogen dioxide^ and that this becomes 
reduced to nitrogen monoxide, which in turn is oxidised by the nitric 
acid. Whether these actions all take place in one circuit has yet to 
be determined, but it is not unlikely that such is the case, as the 
electromotive efficiency of the Grove coll, as determined by Thomsen, 
corresponds with the assumption that the nitric acid becomes reduced 
to nitrogen dioxide (23ST0 2 ,0H 2 ). The dissolution of copper on such 
a view would be represented as follows : 


Cn 


NO,H 

NO,H 



N0 4 H 

NO3H 


Cu = 


Cu 


no, 

no, 


H,0 


Cu. 


There is thus at once a great increase in the amount of nitrogen 
dioxide, assuming only a minute proportion to be present in the 
acid at the outset, and the action can therefore take place at a rapidly 
increasing rate, and very soon attains a maximum. As soon as the 
nitric acid is saturated with the dioxide, this begins to escape; but, 
pari pas'm, the acid grows weaker, and soon the dioxide is subjected 
to tho attack of wator, whereby nitrogen monoxide is formod, and also 
escapes, the acid being too weak to ontirely reoxidi&e it. it is pro- 
bably from tills point onwards that the electromotive force begins to 
fall. It is conceivable shat mouoxide is formed oven at an earlier 
stage, in consequence of the exhaustion of the acid at the surface of 
tho plate, and that the electromotive force is also influenced in this 
manner. In tho case of metals having positive heats of dissolution, 
the phenomena are probably far more complicated, but, as f have 
pointed out in discussing this question in a note on the nature of 
depolarisorR (Proc., 18S)3, 148,188), ibis possible, by applying oleotio- 
chemical considerations, to deduce comparatively simple explana- 
< ions. 

lu this note I have also called attention to tho case of sulphuric 
acid as possibly analogous io that of nitric acid, inasmuch as it only 
undergoes reduciion when the conditions are such that the presence 
of sulphuric oxide is possible, Le. 9 that the active depolarisor, when 
metals such as copper (which have negative heats of dissolution) at'© 
dissolved in hot, concentrated, sulphuiuc acid, is the oxide, not tho 
acid itself. Divers and Sbimidzu, in a paper on the action of 
pyrosulphuric acid on certain metals (Trans., 1885, 47, 636), have 
contended that the trioxide acts directly ; they formulate the action 
as occurring between tho metal and a double moloeulo of the oxide, 
which they represent as sulphuryl sulphate, as ia the equation 

S0 4 (S0 4 ) + 2Ag = Ag 4 S0 4 + SO*; 
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but such, an assumption appears to bo entirely unnecessary, evon if it 
be in any way warranted by facts. 

The fact that metals dissolve in solutions of perchloric acid with- 
out reducing it, may be regarded as confirmatory of the view hero 
put forward, as there is no reason to suppose that such solutions 
contain a reducible oxide ; solutions of chloric acid, on the other 
hand, which undergo reduction by metals, are doubtless comparable 
with u nitrous ” nitric acid. 

If it be found that such contentions as these are correct, our views 
of the manner in which acids act will be much simplified. What- 
ever view be taken of electrolysis — whether or no it be dependent on 
the ions becoming free like the molecules of a gas — it is difficult to 
understand that one compound should function in several different 
ways in the same circuit. If nitric acid, for example, be resolved 
into the ions H and N0 3 , and these are arranged in any form of 
polarised chain along tho direction in which the current acts, why 
should the hydrogen which separates from the NO s ion, giving place 
to the metal, act otherwise on a contiguous N 0 8 ion than to repro- 
duce nitric acid ? A complete u change of front ” would be neces- 
sary if it were to act in any other way. A company of soldiers who 
in rigid mechanical obedience to the word of command perforc e face 
the enemy to receive their charge, will be bayoneted only in front by 
those who attack in an equally mechanical manner; if otherwise, the 
word of command — the directive effect of tho E.M.F. — is only 
partially obeyod. And to say, in order to meet such an objection, 
that a molecule may undergo ionic disruption in several ways is to 
entirely confuse our conceptions in a manner which is most undesir- 
able so long as the facts do not compel us to make such an as- 
sumption. 

To explain the formation from chloracetic acid, for example, of 
salts on the ono hand and of hydroxy acetic acid on tho other, 
Ostwald assumes that it not only dissociates into the ions IT and 
CHaOhOOa, but also to a slight extent into 01 and CH/COJl*; his 
theory, in fact, forces him to assume that an electrolyte may ultimately 
split up iu different directions. But no such difficulty arises in con- 
nection with the association theory. According to this, the manner 
in which change will occur depends on tho nature of the substances 
present and the extent to which they are compatible — a compound, 
such as chloracotio acid, behaving as an acid when substances are 
present to which the acid radicle is attractive, as a chloro-derivative 
when substances are present which are more attracted by the 
chlorine, M local ” circuits being established which proceed from and 
include one or the other part of the molecule, according to circum- 
stances. As the changes which take place when such circuits are 
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established will depend on the nature of the circuits, it is easy to 
understand the formation from chloracctic acid, on the one hand 
of hydroxy acetic acid, and on the other of dichloracetic acid, even 
supposing the chlorine to be the attracting element : the difference 
would depend primarily on the association with the chlorine atom 
either of an alkali or of chlorine — Le., on the difference in the 
associate. To account for the formation of dichloracetic acid on 
the ionic hypothesis, it is necessary to assume that chloracetic acid 
will ionise not merely in two ways but al&o in a third, viz., into H and 
0H0h00 2 H. Nay, more, if the argument be extended, in order to 
account for the formation of cbloracetyl chloride, CH 2 C1'C0C1, a 
fourth possibility must be admitted, viz., into CH a Cl'CO and OH !* 

t have dwelt thus fully on these questions as, apart from the 
interest attaching to such problems, it is all important to establish 
the exact nature of the changes which attend tho dissolution of 
metals and the precise character and functions of substances which 
act as depolaiisers — our power to utilise chemical change at will as 
a source ol energy depending on the extent to which wo compre- 
hend tho inner meanings of all such changes. Tho function of tho 
depolariser is far from appreciated — there being too marked a 
tendency to regard it mea»ely as an agent whereby polarisation is 
prevented, the fact being often overlooked that it directly contributes 
in a very important manner to the energy of the coll, in many cases 
making changes possiblo which could not otherwise occur. 

In all cases of chomical chango energy is ultimately degraded, but 
in most cases a switchback rather than a simple inclined plane is the 
graphic analogue of a circuit of chemical change. Or, still better, 
wc may liken it to a system of pipes laid up and down hill through 
which water is supplied to a town, in which case the function of tho 
depolariser is comparable with that of the stand pipe or accumulator 
at tho pumping station, up and through which tho water is forced 
in order to secure the head which is necessary to overcome the 
i fiction in tho pipes and to cause water to mount tho hills in the 
district supplied as well as to raise it to the tops of the housos and 
in tho fire mains. Such hydraulic systems oan only be constructed of 
pipes which can ho fitted together, just as chemical changes can only 
bo brought about between compatible substances. Lastly, those who 
enjoy a constant sorvice have no right to assume that the supply of 
water is automatic ; on the contrary, a complex organisation which 
may altogether escape notice is required to secure it. And so it may 
be in the case of electrolysis and chemical change. 

Beforo concluding this section it is desirable to refer to the be- 

* Why, it may be asked, should the atoms keep together at all, if they are thus 
willing to separate in so many ways ? 
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haviour of electrolytes which yield a variety of products according to 
the conditions under which their electrolysis is effected. For example, 
that of sulphuric acid solutions which afford not only oxygen and 
hydrogen, but also persulphuric acid, hydrogen peroxide and ozone. 
If action take place primarily in an electrolytic circuit in bat one 
way, how are we to account for the formation of persulphuric acid ? 
Its production would appear to afford evidence that the acid acts 
both as electrolyte and as “ oxygen depolariser,” which is against 
the conclusion previously arrived at The difficulty disappears if it 
be supposed that the first products of electrolysis arc hydrogen and 
persulphuric acid, i .e., that instead of water being directly resolved 
into 2H and 0, or the acid into H and HS0 4 , or 2H and SO* — the 
conventional views — the acid is converted into 2H and 
Richarz some time ago advocated this view (Zeif. physical. Ohem ., 
1889, 4, 28), and it is also in accordance with Ostwald’s contention 
that the dissociation of dibasic acids of the form H*R" primarily 
takes place (in relatively concentrated solutions) into H + HR", It 
may be supposed that under ordinary conditions, when the electrode 
surface is large, the decomposition of the persulphuric acid is de- 
termined by the tendency of the electrode to attract oxygen ; whilst, 
if the electrode surface he small and the current density high, much 
persulphuric acid has the opportunity of escaping into the solution, 
and of remaining to a considerable extent unchanged if the acid at 
the electrode be more or less concentrated and favour ifs survival, 
but somewhat rapidly undergoing hydrolysis into sulphuric acid and 
hydrogen peroxide in weak solutions. The formation of ozone may 
in like manner be regarded as the outcome of oxygen depolarisation 
by the persulphuric acid, i.e., of the interaction of oxygen on the 
electrode with the acid under tho special conditions which attend 
high current dousity — or it may be that ozone, not oxygen, is the 
ordinary product, and that this in turn suffers decomposition at the 
electrode surface when this is largo. It is desirable to lay emphasis 
on this explanation as at least a possible partial explanation of tho 
extraordinary character of the curve representing tho chango in con- 
ductivity of sulphuric acid solutions on dilution. 

It is commonly assumed that wo know what happens when a solu- 
tion of hydrogen chloride is electrolysed ; that, in fact, it is directly 
resolved into hydrogen and chlorine ; indeed tho primary article of 
faith in the creed of the ionic dissociationist carries us even further, 
asserting, as it does, that the chloride spontaneously breaks up into 
hydrogen and chlorine ions, and that these, giving up their chargos at 
the electrodes, form hydrogen and chlorine molecules. The produc- 
tion of chlorine may, however, be the outcome of secondary changes* 
Assuming that muriatic acid consists of hydrated molecules, let as 
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suppose, of the composition IT/hCtir, these may yield a peroxide, 
Hi 02 '(ClII)j, which, in concentrated solutions, either breaks tip into 
chlorine and water, or is so resolved under tlio influence of tlio acid, 
but in -weak solutions undergoes hydrolysis, oxygon being ovolved by 
the decomposition of hydrogen peroxide at tho electrode surface. 
Or it n»ny be that the chlorine is oxidised, and a chlorous compound 
formed from tho acid, from which chlorine and water are then 
liberated by the action of hydrogen chloride. 

There is reason to think also that the electrolysis of organic acids 
may, in like manner, involve initially the formation of “ peroxidised ” 
products. 

All these aio questions which require further experimental investi- 
gation and consideration. Meanwhile, it is all important to bear in 
mind how little we really know of such matters. They fall into tho 
same categoiy as the inquiry into tho constitution of acids generally, 
which, l venture to think, must bo regarded as still open to discussion, 
for in scientific woik, as in ordinary life, we are much subject to tho 
influence of waves of fashion, and are even apt to bo misled by tho 
beauty of anew conception. Faraday taught that tho water was 
decomposed on electrolysing diluted sulphuric acid, aud formerly 
chemists believed that when a metal dissolved in an acid solution it 
displaced hydrogen from water, and that tho oxide thus formed com- 
bined witli the acid. Tho binary theory of electrolysis introduced by 
Dnnielly in 1830 {Phil. Tmnn^ 1839, 97), howover, shook faith in this 
interpretation ; but this theory did not gain full acceptance until after 
tho publication of Williamson’s entrancing viows on tho nataro of 
salts and his discovery of ehlorosulphome acid, in 1851-53, from 
which time onwards tho old BcrzoKun system of representing oxy- 
aeids and their salts was fairly generally abandoned. Yet if we now, 
without prejudice, calmly review the facts, wo cannot but admit, 1 
think, that tho verdict must still be u not pi oven.” If we, however, in 
any way return towards the old view, we shall probably have to steer 
a middle course, and consider that water is not initially active as 
such, but rather what may be termed combined water. Should a view' 
of this kind ever prevail, especially if it be admitted that in the case 
of muriatic acid the active substance is a hydrate, (H*0),(01H) y , tho 
insight and prescience displayed by the older workers, whoso minds 
wore untrammelled by the weight of theory, will deserve fuller 
recognition than is now accorded to them, and Lavoisier’s choice of 
tho name oxygen will bo more absolutely justitiod than it has ever 
bten admitted to be sineo Davy’s investigation of chlorine* 

Tho discovery of tho nature of the phenomena underlying electro- 
lysis — and therefore those undoi lying chemical cliaugo — may not 

VOL. lxvti. 4 u 
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improbably be assisted by the study o£ substances other than con- 
ducting solutions : and for ol her reasons also the study of the electrical 
properties of such substances appears to bo of the highest import- 
ance. 

Thus it is well known that whereas metals generally are relatively 
good conductors, non-metals oppose a very great resistance to the 
passage of an electric current. A question of the utmost import- 
ance to consider is whether non-metals may not he capable of 
opposing an infinite resistance, and whether it may not bo possible 
to base on electrical behaviour an absolute distinction hot ween metals 
and non-metals, although hitherto we have been obliged, on general 
chemical gronnds, to conclude that no lino can be drawn, and tbai, 
in fact, the metals insensibly shade off into non-metals through the 
metalloids* such as arsenic, tellurium, <fcc. 

As long ago as 1887, in the course of the discussions which took 
place within the Brit. Assoc. Electrolysis Committee, I drew atten- 
tion to tho importance of making further observations on the specific 
resistances of the non-metals — pointing out that as these appeared all 
to behave as electrolytes of very high resist ance, it became a question 
whether this might not arise from the fact that impure substances 
had been studied, and adding cc if sulphur, &c., are found to behave as 
water, that is, to increase in resistance as they more nearly attain a 
pure state, then I think we may fairly divide elements into two 
distinct classes, and define a metal as an element which conducts, and 
a non-metal as an element which insulatos. , ' , 

The behaviour of sulphur, selenium and other well-defined non- 
metals, iu fact, is such, that there Is hope, I think, that ovontually 
we may be ablo to draw such a distinction. Tt is true that Monokmium 
in 1888, in a paper communicated to tho Royal Hocioty on tho 
spocifio resistance, &c.,of molten sulphur, showed that this substance 
had a not inconsiderable conducting power; mid that when objection 
was raised against tho results on tho ground that no special care had 
been takon to purify the sulphur, ho oat ended his experiments, 
recognising the necessity of obtaining “the purest possible speed- 
mens of sulphur,” but arrived at results essentially in agreement 
with his earlier observations. Apart, howover, from tho fact that the 
methods of purification he adopted can scarcely be regarded as calcu- 
lated to affoi'd a c£ pnro ” f material, and that there is internal 

* Nothing more clearly Bhows how careless wo are in our use of language, ami 
insensible of the meanings of words, than the conventional use oi inoiaJhwl as the 
antithesis of metal. 

t It is time that we ceased to speak of substances as pure, as a pure hubstnueo is 
and must ever remain an ideal conception; and while there tan be an infinite 
number of degrees of impurity, there can be none of purity. The nuu h misused 
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evidence in tlie paper that be was not dealing witli a pure substance 
(it can scarcely be doubted that “ pure M molten sulphur would be 
without action on platinum), it may bo noted that only about six 
months intervened between the presentation of his two papers ; hud 
six years been devoted to the task, the conclusion arrived at might, 
perhaps, have merited confidence. 

In point of fact, it is necessary that the lessons taught by work 
such as that done by Stas should be seriously taken into considera- 
tion, and that the extraordinary experimental difficulties which such 
problems present should be more generally recognised. The almost 
ehild-liko simplicity of faith and belief in the chemists* ability to 
purify which distinguish our physical colleagues is most remarkable. 
Ef we even venture to point out that the material which has been 
measured with such infinite pains may have scarcely merited so much 
attention, and thereby hint that the results therefore, perhaps, are 
but of slight absoluto valuo, we are at once told, “ Oh, if you will 
give ns pure stuff, we will examine it”; and they might add— but 
tlo not — “ and secure the credit which will ultimately attach to the 
work,” inasmuch as tlio mass of figures which they put forward 
impress tho public, whilst the modost statement made by tho chemist 
of tho precautions which ho has taken in purifying the material — 
work which may well require tho expenditure of infinitely more 
knowledge and experience, thought, time and labour than tho 
physical measurements — cannot be appreciated by those who have 
not thomsolvos taken part in such work. During the past twenty 
years, Fellows of our Society have coniributed in a remarkable 
manner to our knowledge of physical constants, and their work will 
havo nn abiding value, as they have taken very special precautions in 
selecting and purifying tho substances examined ; but hitherto there 
bus been absolutely no reciprocity, physicists having remained con- 

plmwe, “ chemically pure,” has no abstract moaning and should ho discarded* it Is 
usually nothing moro than a convenient fiction, made uho of by sellers of chemicals. 
Thus, tho presence of arsenic in sine being objectionable because zinc is used in 
testing for arsenic, it became customary to sell zinc freed os far as possible from 
arsenic as chemically pure, although other impurities were often present in such 
zinc in considerable quantities. Purified should bo substituted for pure. 

Chemists are sufficiently serious offenders, but others also are not infrequently 
guilty of like thoughtlessness, us, for instance, when a paper headed M . . . 
properties of pure iron ” is prefaced with an analysis showing the presence in tho 
** almost pure iron ” of small amuonts of carbon, sulphur, silicon, and manganese 
in what is first spoken of as a sample of very pure iron. Or when, again, it is stated 
that u tho yield will of course depend on the amount of purity required. Prom 
. . . . about one-tenth of quite pure .... can be obtained, and about 
one-twentieth of very pure.” Language may, indeed, be said to bo an instrument 
for the concealment of thought when these abuses of it aro possible. Surely, if 
devoted to science, wo should be scientific in all things ! 


4 ic 2 
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tent with a knowledge of the very first principles of chemistry. In 
the fnfuro there must bo more effective co-operation between us. 
Tn making these remarks, I do not wish to blame physicists entirely. 
T hold that we are ourselves largely responsible foi* Hindi a condition 
of affairs, and that it is in no slight measure due to the unscientific 
manner in which our subject is taught, and especially to the manner 
in which it is overlain with details which obscure the logical inter- 
connection of its parts. 

To return to sulphur, an abstract account has recently been pub- 
lished in the Proceedings of the Royal Society (1S94*, 56, 32 J of 
observations by Tkrelfall, Brearley and Allen, on the electrical pro* 
periies of pure (sic) sulphur, i.e., sulphur from the Chance recovery 
process purified hv distillation and exhaustion in vacuo. Such a 
process cannot be accepted as by any means an exhaustive one, and 
it appears almost to be a case of “ love’s labour lost ” to apply to 
such material the infinite care which the authors appear to have 
taken in making the electrical measurements. Yet they arrive at 
the important conclusion that so long as a single moditication bo 
dealt with, such sulphur does not conduct while solid. A mixture of 
two modifications, however, does ; but in view of the possibility of 
changes taking place during the production of the mixture— of con- 
ducting impurities being introduced or generated, it is difficult to 
regard this latter conclusion as established, the more so as iho 
authors in quostion have found that as the temperature was raised, 
the conductivity of the sulphur increased slightly up to the melting 
point, when there was an enormous increase. 

Passing to selenium, there can bo little doubt that the properties 
attributed to this element, and especially its extraordinary behaviour 
on exposure to light, have boon deduced from observations with very 
impure materials. Slid ford Bid well’s recent account of his investi- 
gation of this ol omen t is full of interesting observations showing, as 
he says, that the conductivity of crystalline selenium appears to 
depend principally on the impurities which it contains in iho form or 
metallic selonidos (Phil. Mag, 1 81)5, f5], 40, 

The conductivity of what is so wrongly called carbon, in the form 
used for electric light piuqjoses, is well known to bo also electrolytic 
in character, and is, therefore, most probably conditioned by the 
presence of salts, and not a speoifio property of iho modification of 
tho element present in such materials. 

In the case of the metals also, on the other hand, many observations 
of great interest have boon made, which are highly suggestive, nxid 
should serve to incite further inquiry. 

THe electrical conductivity and, at tho same time, the mechanical 
properties of all the highly conducting motals which fall into post- 
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tions in the periodic system not far removed from that of copper 
are affected in a most remarkable manner by the presence of ininuto 
amounts of impurity, especially by certain non-metallic and metal- 
loids! impurities. Owing’ to the very large use which is made of it 
in telegraphy, no metal has had more attontion'paid to it than copper, 
its manufacture having been groatly improved by the introduction of 
electrolytic methods in place of the old dry methods. Fitzpatrick, in 
a report on the specific resistance of this metal, published in the 
Di it. Assoc. Report for 1890, gives a value which is better than 
that found nearly 30 years beforo by Matthiesson for “ pure ” 
coppor in the proportion of 100 : JL02‘C> ; but my colleague, Professor 
Ayrton, tells me that copper of still higher quality, viz., above 103, 
ih now made on a largo scale. It is noteworthy that Swan and 
Rhodin, in a paper communicated to the Royal Society in 3894 (56, 
(it), give a value which is not quite so low as that found by Fitz- 
patrick, viz., 1503, Fitzpatrick's lowest value being 1557. They speak 
of their copper as “pure,” stating that it is probable that both of 
the specimens examined by them were “perfectly pure,” imd that, in 
fact, the limit ol electrolytic pin ideation had been reached; but this 
cannot liavo been llio ease. Moroo\er they, as well as Fitzpatrick 
and all other observers, obtained different values beforo and after 
annealing, the specific resistance of the soft wire being 1503 whilst 
before annealing it was 1003 — a circumstance which, in itself, J 
venture to think, affords strong presumptive evidenco against the 
conclusion that wo are yet come into possession of practically pure 
copper, and for the following reasons. 

K van A ubel 1ms observed in the case of bismuth (PZu7. May., 1889, 
28, 332), that although annealing lias a considerable effect when the 
metal is very impure, the effort becomes less and less marked us the 
impurities are removed, until finally the electrical resistance i* 
scarcely altered by annealing; also them is a considerably grenter 
difference apparent between tbo values given for hard and soft coppor 
by Muitli lessen than has been found by later workers, who, pre- 
sumably, have dealt* wiih a less impure metal. Therefore it appears 
not improbable that a pure material would suffer no change on an- 
nealing — that it would not require annealing, in fact. 

Taking Spring’s important investigation into the hiflnenco of ex- 
treme pressure into account, it appears likely that the change during 
wire drawing — hardening, to undo which resort is had to annealing — 
is in itself duo to the occurrence of chemical change, that is, change 
in molecular composition ; Rarus, in particular, haR advocated this 
view (compare Nature, 1890, 41, 3C9),and it has recently received 
confirmation from observations mado by Unwin on the effect of 
repeated straining and annealing on the yield points of iron and steel 
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(Proa. Pay. Soc., 1894, 57, 1 78). But, if change in molecular state 
in a metal bo subject to the same laws as arc interactions in other 
cases, a pure material should not undergo change under the influence 
either of pressure or of beat ; and, therefore, from this point of view 
also the fact that all copper hitherto examined is softened by annealing 
may be regarded as evidence that it has contained impurity. 

The nature of the c< impurity,” the character of the changes which 
take place in such cases, form subjects of inquiry not only interest- 
ing in themselves, but also of the highest technical importance. 
With regal’d to the former, attention may be called to a statement 
made by Hartley to the Brit. Assoc. Electrolysis Committee in 1887, 
pointing out that the preparation of pure copper is extremely diffi- 
cult ; and that such as he had had made for spectroscopic purposes, 
which was considered pure , had been found to contain as solo im- 
parity about one hundred thousandth part of silvor, while other 
samples contained tellurium and bismuth. The photographed spectra 
were the means of detecting these foreign constituents. I quote this 
by way of reminder that ordinary or even extraordinary chemical 
tests are of no use in such cases. It must also not be forgotten that 
gases may become “occluded” during annealing, and, bearing in 
mind the extreme sensitiveness of copper — especially to oxygen — it 
would appear necessary in future inquiries to effect the annealing in 
a “ vacuum” from which moisture, oxygen, &c., have been, as far as 
possible, removed. 

As regards the character of the changes brought about in metals 
by admixture, we are, of course, but on tlio veiy fringo of tlio 
inquiry; it is certainly cause for congratulation that, men like 
Roberts-Austen, Do war (and Fleming), Heycoek and Neville, and 
Alder Wright — all our own Fellows— have done so much during 
recent years to extend onr knowledge of tlio behaviour of metals ; 
and we may confidently expect that, now interest is so generally re- 
awakened in metals and alloys, wo shall cro long bo ablo to arrive at 
trustworthy conclusions. 

Recent observations on the depression of the freezing points of 
metals seem to show that, in most cases, the liquid metal consists of 
monatomic molecules — in itself a very noteworthy conclusion, when it 
is remembered that the very opposite is truo of liquefied non-metals. 
Whether on solidification, and as cooling takes place, these funda- 
mental molecules form complex groups, is a question which is now 
being warmly debated, but is a very difficult one to decide : the view 
advocated by Matthiessen — I am inclined to think with truo pre- 
science — that many metals are capable of existing in allotx*opic 
modifications, that is to say, in modern language, that they may 
exist of different dogreos of molecular complexity, is at the present 
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time but little approved of, there being a tendency to substitute for it 
more purely inoclianical conceptions. Only in the caso of iron is it 
fairly generally admitfod that the faots are such as to make tlie 
acceptance of Matthiosson’s view almost compulsory. Osmond — 
whoso work is of extraordinary intorost and of the highest value — 
indeed has argued that this metal may exist in no fewer than three 
allolropic forms. 

In tho case of a pure metal consisfcincr in the fused state of mon- 
atomic molecules, it is conceivable that when solidification takes place 
interatomic forces come into action in such a manner and so uniformly 
that tho mass, as it were, forms ono huge complex molecnle. This 
could scarcely happen if impurities were present ; but in that caso 
similarly constituted smaller complexes — individual crystals — might 
form. The observations of Behrens on the microscopic structure of 
alloys of silver and copper are perhaps of significance from this point 
of view, showing as they do that, whilst the crystals arc scarcely 
distinguishable in “ pure ” coppor, in copper containing only a minute 
proportion of silver they become distinctly visible and are seen to be 
separated by a film of while alloy. 

It is difficult to resist tho conclusion that tho properties oven of 
congeries of such crystal molecules as arc above referred to arc not 
somewhat different from those of tho simple fundamental molecules 
m masse. Silver, coppor and gold, it is well known, arc possessed of 
high electrical conductivity, especially silver and copper, which are 
all but alike in this respect; and yet, as Matthiessen has shown, 
when any two of them are mixed, the conductivity of the mixture is 
lower to an extraordinary extent than that of either alone. That 
such an effect should be produced is very remarkable, and it is diffi- 
cult to understand how it can be brought about by the mere admix- 
iuvo of molecules which apparently arc equally effective conductors ; 
this bohaviour would seem, indeed, to bo an indication cither that 
tho molecular state of the metal is changed, and that, in fact, it is 
converted info a modification possessed of lower conductivity ; or that 
a compound of tho two motals of lower conductivity is formed and 
becomes interposed between the highly conducting crystals.* 

* lu view of the possibility that impurities introduced during tho preparation of 
such alloys may exorcise au important influence, it is very desirable that Matthic8B<»n’a 
observations should be repeated and extended, using very carefully purified 
materials. No doubt tho greatest core bos been taken in purifying both gold and 
silver, as well as copper, but there is no reason to think, I imagine, that we havo 
attained to finality in such mattors. Those three metals are so much alike in many 
of their properties that it is an interesting subject for inquiry whether they may 
not be still more closely allied, especially in electrical behaviour, than we now 
suppose them to be, and it is very debit able that they should all be worked at from 
this point of view. In future,, however, it will be necessary to extend the examina- 
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Tho remarkable behaviour of si Ivor towards oxygen also serves to 
■suggest that tlio silver atoms combine on solidification. Tho fact 
that this metal is a solvent specifically of oxygen, and not of gases 
generally, is, in a measure, evidence that combination takes place 
between it and the gas; and on this assumption ihe well-known 
spitting may be explained ns due to tho occurrence of an interaction 
conditioned by tho superior affinity of silver to silver ouiwoighiug 
that of silver to oxygen in the rnannor indicated by such an equation 
as »AgOa = Aga? + £t’0>. But this explanation does not necessitate 
the conclusion that the silver atoms combine otherwise than through- 
out the whole mass. 

Tho evidence that one metal may combine with another is now so 
entirely beyond question that it is no longer open to doubt that like 
metallic atoms may combine. The eminently plastic character of 
some highly purified metals, e.p., copper, gold, silver, iron, platinum 
— would, I imagine, load us to prefer tho view that they consist of 
relatively simples if not of monatomic molecules. Whilst, on the 
other hand, the extraordinary brittleness producod on adding small 
proportions of certain elements to Homo of these metals is perhaps 
best explained by the assumption that such additions cause the for- 
mation of complex molecules having but lit Lie tendency to cohere. 
Such a conclusion is almost necessary in the case of iron, in which, 
as is well known, extra ordinary alterations may bo produced by 
altering the distribution of the imparities, without altering their 
amount — I allude to the passage of carbon from the combined into 
the free state during tho rapid cooling of steel, and to the change in 
the opposite direction which takes place during slow cooling. Iron, 
indeed, is one of the most remarkable among medals, and them is no 
litorature more deserving of tho ohcmlst’s attention Ilian that relat- 
ing to the researches of Roberts- Austen, bar ns, Hopkinson, Osmond 
and others who, during recent yours, have contributed in a most im- 
portant manner to onr knowledge of tho changes going tin in iron 
and steel. 

Osmond assumes that even “pure M iron alters in molecular corn- 

turn so aB to determine a« many properties ah possible, mechanical, pliy stall and 
structural. If wo know, for example, the specific conductivities, as well as tlio 
tensile strength and extensibility, of tho various gold alloys prepared hy Roberts- 
Austen (Phil. Trans., 1888, 179, 389), we should bo bolter able to diicusa his 
conclusion that the inilucnco of various metals on the mechanical proper! ies of gold 
may bo co-ordinated with their atomic volumes — a conclusion which it is somewhat 
difficult to accept when lithium and potassium produce effects which place them at 
the very opposite ends of the Beale, Tho improvement effected in metals and alloys 
by the addition of anothor — as that of aluminium to brass— may doubtless some- 
times bo traced to tho faet that it brings about the removal of an objectionable 
impurity, and this may well be the eflbct on gold of some metals. 
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posiiion ns it cools, Lasing this conclusion on the observation that 
tlio electro-deposited metal exhibited tlio phenomenon of recalescenee 
— but the conclusion that such iron is, to use Roberts- A listen's 
expression, “ as pure as any iron can bo” may fairly be called in 
question, especially as Osmond speaks of it as containing a little 
carbon (0*08 per cent., h'an awl IS Uni Institute^ 1890, i, 38), ami ir 
mftv be doubled whether any such change would take place in pure 
iron. In presence of carbon, it would seem that when the temperature 
lms fallen sufficiently molecules which are more complex than those 
existing at the higher temperature are formed, heat being liberated, 
thus giviug rise to roealeseence ; the extent *o which such complexes 
are formed largely depending on the amount and character of the 
impurity present. Perhaps it is from these complex molecules that 
the peculiar magnetic properties of steel are derived. The sepaia- 
tion of carbon from iron may well take place at the momrnt when the 
complexes are formed, and the change which occurs at its separation 
may bo of the character of that referred to above in connection with 
the spitting of silver. The carbide which is produced during slow 
cooling may conceivably bo generated by the interaction of the com- 
plex molecular form of iron w’ith the carbon. The explanation of 
the changes here discussed, advanced by Osmond, involving as it 
does the assmnpf ion that at high temperatures iron consists of the 
bard modification, which unless prevented passes into tho soft modi- 
fication on cooling, scorns to mo to bo loss natural and likoly than the 
foregoing. 

It is to bo hoped that ore long mothods will bo dovisod of prepar- 
ing considerable quantities of iron in a state closely approaching to 
that of purity, so that tho individual influence of various foreign 
substances may be studied. At present wo do not seem to be aware 
whether tho presenco of carbon especially is essential to hardening, 
and whether this element alone can condition tho state which rati dors 
steel capable of becoming permanently magnolia. Sufficient will 
have been said, I trust, to emphasise tho extraordinary importance 
of attention being paid to the behaviour of highly purilied sub- 
stances, Knough is known to warrant tho assumption that in many 
cases such investigations will show that properties associated with 
individual substances are wrongly regarded as specific, and that in 
reality they are determined by an admixture. To give but one more 
illustration, if conduction in solids other than metals be always 
eloctrolytic conduction, conditioned by tho presence of composite 
electrolytes, a condenser such as a Ley den- jar may bo regarded as a 
voltaic cell in which tho electrolyte is a solid of high resistance, and 
its action as dependent on polarisation; the difference between such 
a coll aud one containing a fluid olootrolyte, arising from tho fact 
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that in the latter polarisation cannot bo maintained except at the 
electrodes, whilst in the former the polarisation extends throughout 
the electrolyte. Oil this assumption it should bo impossible to form 
a condenser from a pure substance. I venture to point this out as 
showing tho great importance of experiments being instituted with 
very highly purified dielectrics. 

The more our attention is directed to the important part which 
impurities play in determining change, whether it be in metals, non- 
metals or compounds, the more nccossary is it to inquire into tho 
possible mechanism by which such change is brought about. So 
long as we are entirely unaware of tbe nature of chemical affinity 
and of the manner in which it is exerted, little progress can be 
made ; there can scarcely be a doubt, however, that what has been 
termed residual affinity is largely operative, as, indeed, Faraday 
foresaw. The following remarkable passage in his fifth series of 
researches (§ 523} is almost as clear a statement of this view as 
could be given at the present day. 

“ The theory which I have ventured to put forth (almost) requires an admission 
that in a compound body capablo of electro-chemical decomposition the elementary 
particles have a mutual relation to, and influence upon, each other, extending 
beyond those with which they are immediately combined. Thus, in water, a particle 
of hydrogen in combination with oxygen is considered as not altogether indifferent 
to other particles of oxygen, although they are combined with other particles of 
hydrogen ; but to have an affinity of attraction towards thorn, which, though it 
does not at all approach in force, under ordinary circumstances, to that by which it 
is combined with its own particle, can, under the electric influence, exerfcod in a 
definite direction, bo made even to surpass ii. This conoral relation of particles 
already in combination to other particles with which they arc not combined is 
sufficiently distinct in numerous results of a purely chemical character .... 
and it probably lias a direct relation to, and connection with, attraction of aggrega- 
tion both in solids and fluids. It is a remarkable cireumstaneo that in gases mid 
vapours, where tho attraction of aggregation ceases, there likewise tho decomposing 
powers of electricity apparently cease, mid there also the ehomical action of 
quantity is no longer evident. It seema not unlikely tliat tho inability to suffer 
decomposition in these eases may bo dependent upon tho absence of tlmt. mutual 
attractive relation of tlie particles whielv is the cattBO oP aggregation.” 

Hence, in studying the maimer in which chemical change in 
brought about, we are necessarily obliged to consider valency, com- 
prehending under this term both tho quantity and the quality of tho 
“ affinity ” possessed by atoms. But, again, progress is tmmmoJlod 
by tradition and fashion — tho habit of teaching dogmatically has 
affected onr whole attitude towards such questions, our theories 
being not only unsatisfactory, but eminently narrow in thoir disre- 
gard of facts, especially apparent in our neglect of molecular com- 
pounds. Helmholtz, in his Faraday lecture, after dwelling on tho 



ANNUAL GENERAL MEETING. 


1167 


conclusion tliat definite atomic charges of olcetricity are associated 
with the atoms of matter, said that lie did not suppose that the ex- 
istence of other molecular forces, working directly from atom to 
atom, was to he excluded. But is this tho case ? 1 venture to think 

that, had Helmholtz boon a chemist, he would have felt compelled 
to admit that whatever be tho nature of chemical affinity, the same 
forces are active throughout — that what is termed icsidnal affinity is 
of the nature of ordinary affinity, and that the differ once is m quan- 
tity rather than quality. To repeat what I said in 1888 in a note on 
valency especially as defined by Helmholtz (Phil. Mag., 1888, [5], 25, 
21), I do not hesitate to affirm that, from tho chemical point of view, 
it is impossible to adopt the Helmholtz explanation of valency unless 
physicists are prepared to grant the possibility of tho <c division ” of 
the unit charge. In the paper in question, to oxplaiu my meaning, 
I developed what may be termed a skewer hypothesis of valency, 
desiring to give a graphic expression of chemical facts and thus help 
those who aro not chemists to appreciate our position. Represent- 
ing unit valency or charge by a single line, I postulated this line as 
capable of passing through the atom, and the atom as moving with 
more or less of freodom on tho line. Tho union of two atoms was 
pictured as an overlapping of tho unit linos. On this hypothosis, in 
cases in which the atoms do not move out to tho end of their lines 
on combining, free ends would exist, by tho overlapping of which 
combination between molecules could be brought about ; and if it be 
supposed that hydrogeu and the metals alone move froely on their 
lines, in order to give expression to the peculiar differences which 
apparently aro manifest on contrasting the two classes of olomonts, 
the combination of a non-metal with a metal may bo represented as 
involving the motion of tho former alone out to the ond of its lino, 
leaving the line of the non-metal with a free end. In this manner 
expression may ho given to what appears to be a fact, namely, that 
the non-metals condition tho formation of molecular compounds. 

What may bo termed the proper valency of an atom — the number 
of atomic charges carried by, or of unit lines passing through, tho 
atom — on this hypothesis, is a function of the atom alone, whilst its 
remlual valency in a compound is a complex function depending also 
on the atoms with which it is in association. This is well illus- 
trated in the case of nitrogen by tho behaviour of the amines — in all of 
which the nitrogen clearly functions as a triad — towards haloids and 
acids, the extent to which basic characters aro manifest depending in 
an extraordinary degree on the nature of the radicles associated with 
the nitrogen atom. Assuming that the proper valency of nitrogen 
is three, the formation of ammonium compounds from aminos may 
be represented as due to the overlapping of the free end of tho halo- 
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£»on line and that of one of the nitrogen line:.; and if, in ft ease like 
that of the eliloranilinos, it bo supposed tliafe the effect of weighting 
the 0(,ir 6 radicle by introducing chlorine is to reduce the amount of 
free end of tlio nitrogen lino to which it is attached, expression is 
given to tho fact that the amino becomes less and less basic, ami 
more particularly that the salt becomes less and loss stable as each 
fresh atom of chlorine is introduced, length of overlap being regarded 
as the measure of affinity. 

It may bo asked why, on this hypothesis, if the nitrogen atom 
carries three atomic chargos — is penetrated by three lines— it does 
not combine with three molecules of acid. Of course, at present no 
definite an&wei* can be given, but, bearing in mind that the convic- 
tion is becoming more and more clearly established that affinity has 
direction and that geometrical considerations come into play, it is at 
least conceivable that the direction of two of the linos is such that 
their free ends perhaps meet, or that they nro so directed towards 
each other that other lines are prevented from overlapping them. 
The introduction of some such conception would seem to be necessary 
to explain the remarkable behaviour of compounds such as nitrons 
oxide and diazoimide, N 3 H, the inertness of which is most surprising, 
whatever view be taken of their constitution. Certain iy, the di fferonco 
between “uiisaturated ” niti’ogon and “ unsaturated ” carbon which 
is manifest on contrasting these compounds with tho olefines is most 
remarkable. 

But it cannot be denied that, howevor possible it. may bo to 
“explain w the ammonium compounds on the assumption that nitro- 
gen is but a triad, there are cases in which it is difficult to apply any 
such hypothesis as the above— one of the most striking being that 
afforded by tho remarkable phonyliodomutu compounds described by 
Hartmann and V. Moyer. It will scarcely be doubled by anyone, l 
imagine, that these and tho equally remarkable iodoso-derivntivoN 
are not all to bo regarded as proof that iodine is not merely a mound, 
but also a triad element — and yet it must not bo forgotten that an 
iodine atom can combine with but a single hydrogen atom or methyl 
group, and that hydrogon and methyl are as yot the only trust- 
worthy and, so to speak, legal standards by which tho proper valency 
ol an clement can be measnrod. Even in such a case, therefore, a 
formula similar to that given to tho ammonium compounds, viz, 
CJByH>CcH s , cannot bo put aside as absolutely out of tho quest ion ; 
aud if we bear in mind the peculiar character of tho oxy-acids 
derived from the halogens, it is clear that much remains to be learnt 
of these elements. These acids arc often quoted as arguments in 
favour of the view that the halogens arc polyad elements, MendeWofE 
having carried his poetic generalisations so far as to claim hopta- 
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dioity for iliem ; hut even assuming that an oxide Cl/)? exists, so 
long as we are unaware of Hs structure, wo must remain unable to 
judge of the valency of its elements ; wo are certainly as little 
justified in assuming that it contains heptad chlorine as we should bo 
in concluding from the existence of a compound of the formula C G H g 
that carbon is a mound: valency is far too complex a function to be 
determined by a simple division method. It is not improbable that 
the oxy-acids in question are cycloids. 

The solubility of a substance such as triothylpkonylammoninm iodide 
In water, in which the amino and haloid from which it is derived are 
so slightly soluble — and the fact that in the case of the ammonium 
salts of the chlorinated anilines above referred to hydrolysis of the 
salt fakes place with increasing facility as the amine becomes less 
basic — may be inferred to in further illustration of the difficulties to 
bo overcome in formulating a consistent and sufficiently eompre- 
1 emsivo theory of valency. On the hypothesis that such compounds 
are formed by the overlapping of the free cuds of the lines of affinity, 
t ho compound should remain saturated or externally inactive so long 
as there was any overlap ; on the other hand, if the somewhat more 
elastic atomic charge hypothesis be adopted, and it be supposed that 
any portion of the charge remaining nn neutralised might bo activo, 
at least the case of the cldoran Hines would meet with an expla- 
nation. 

But all these are matters of pure speculation, and T should not 
venture to allude to them, did I not feel that it is essential that now 
the amount of material at our disposal for discussion Is so very largo, 
it is time that some attempt were made to arrange it in such a form 
that tho results won by chemists can be laid open to inspection by 
phjsieists and others capable of taking such transcendental ques- 
tions into consideration. Tho theory of types and its logical out- 
come— ilio theory of bonds have contributed in a remarkable manner 
to tho progress of our science; and to theso geometrical conceptions 
have now been added which are loading to further important de- 
velopments— but it can. only bo supposed that such theories will all 
provo ovontnally to bo of provisional value, and that far loss me- 
chanical conceptions must prevail. 

Underlying all modern chemical inquiries there is an obvious dosire 
to determine tho structure of molecules generally, as well as to correlate 
structure with function ; and most important advances in these direc- 
tions have already been made. ‘Whatever view wo may hold, it is only 
too clear, however, that the conventional treatment of the subject 
involves tho disregard of much that is of tho highest importance ; 
especially is it, perhaps, too commonly forgotten that whilst tho deter- 
mination of valency involves tho knowledge of tho structure of the 
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compounds of elements whose valency is sought, the determination of 
structure is itself based on an assumed knowledge of valency. Wb 
arc not only being led to frame the conception that affinity has direc- 
tion, but also that its strength largely depends on the direction ii> 
which it is exercised (as shown by the very different behaviour and 
stability of cycloids of different dimensions), and it is more than 
probable, therefore, that ere long we may formulate a theory in which 
the somewhat mechanical bonds to which wo have become accustomed 
will give place to a more comprehensive hypothesis. 

Faraday, in the paragraph previously quoted, regards both the 
hydrogen and oxygen in water as possessed of “ residual affinity,” and 
in his day, no doubt, there was no reason to draw any marked dis- 
tinction betwoen the two classes of elements — the raofallic and n on- 
metallic. But there is much in the behaviour o£ the latter which 
seems to me suggestive of the conclusion that thoy aro the mainly 
active, attracting elements, and those in fact which condition chemical 
change; I ventuie to think that this will more generally bo admitted 
to be the case than it is at present, when the facts are carefully con- 
sidered. We have, it is true, long since abandoned the idea that only 
elements of opposite classes have considerable affinity for each other, 
but we are not yet advanced much beyond this, and have yet to recog- 
nise that the non-metals have veiy special mutual affinities. 

It is in the play of these affinities more particularly that l am in- 
clined to seek that conjoint iutluenco to which T ha\o frequently 
adverted br which electrolysis, and therefore change is, it seems to 
me, brought about. Tho force of the objection made to this explana- 
tion that there aro no appreciable reverse electromotive forces within 
an electrolyte may easily he overestimated. Adverting to what was 
said above with reference to the phenomena involved in charging a 
condenser, if any similar effect were produced in a fluid eleetrolyie 
if any internal polarisation wero Hot up — it would at once ho dis- 
charged; and such polarisation would bo imperceptible, just as iu the 
casoof the determination of conductivity by nu alternating current 
method. A consideiitblo amount o£ work might, therefore, be done 
by the current nnporceivod, and tho forces might well ho enormous 
even within tho liquid (compare Lodge, Fh'if. Amr , Report, 1HSM), 
330). I am loth to believe also that tho low values fouud for ** ionic 
velocities” are in truth tho velocities of the ions, and would prefer 
to regard them as but differences botwoon values of which at presold 
we have no conception. 

A similar argument will apply in the ease of osmotic pressure 
phenomena, and therefore generally in explanation of tho regularities 
observed in the case of dilute solutions. To say that tho osmotic 
pressure is due to the dissolved substance alone, appoars to mo to be 
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but a useful figure of speech — in reality, the phenomena must bo duo 
to both solvent and dissolved substance. Although one attracts the 
other, however, the unions are probably but temporary, and the 
opportunities given for exchanges to take place are so infinitely 
numerous that the dissolved substance behaves practically as an 
almost perfect gas. From this point of view it is also not remark- 
able even that the pressure should have the same value as it would 
have if the substance were gasified, for, inasmuch as the molecules of 
the dissolved substance are kept apart by those of the solvent, they 
are practically in the gaseous condition. 

As regards the superior effects produced by electrolytes, I would 
repeat what I said at Leeds in 1890 ( [Bril . Awoc, Report, p. 326), that, 
having been able by observations of electrical conductivity as well 
as by other methods to classify electrolytes in tho order of their 
activity, wo are now in a position to apply the correction required to 
discount tho superior effects produced by such compounds in com- 
parison with dielectrics. Why they arc specially active, tho future 
must decide. To mo it seems that their activity is attributable to 
their special composition and stnxcturc — particularly to the presence 
in them of either oxygen or halogen in an eminently uusaturated 
condition, and possossod, thorofore, of considerable residual affinity. 

As regards semi-permeable membranes, as they have been called, I 
imagine wo have yet much to learn in explanation of those. That 
the membranes through which liquid diffusion takos place cannot he 
mere sieves, there is hardly a doubt, otherwise it would scarcely 
happen that gases only diffuse through septa consisting of materials 
in which they are soluble : as illustrated by the diffusion of oxygen 
through caoutchouc and silver, of carbonic oxide through iron, and 
of hydrogen through platinum and palladium. 

In the case of colloid membranes, through which so many crystal- 
loids pass, everything seems to depend on tho peculiar relationship of 
water to such matters — a relationship which is so apparent in many 
physiological phenomena — and at the same time of water to crystal- 
loids. 

Tho foregoing may be said to bo an essay in advocacy of a theory 
of association in explanation of chemical change, as opposed to one 
of dissociation. The attempt has been made to show that such a 
theory is of universal application, whilst the dissociation hypothesis 
is apparently not only of limited application, but in some cases 
irreconcilable with the facts. It also involves assumptions which it 
is difficult for tho chemist to grant: I allude particularly to the 
main article of faith in the diskOciationisiH 5 creed that a certain very 
limited class of compounds— electrolytes-- fall to pieces, as it were, 
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more or left 5 , completely on entering into solution. As I ha%e implied 
over and over again, sneli an assumption necessitates a profound 
distinction being made between electrolytes and other compound 
molecules generally which is not patent to the unprejudiced observer, 
and ior which no motive or reason whatever can be assigned. It 
must not bo forgotten that Clerk Maxwell was lod by reasons of this 
very kind to remark that chemical combination is a process of a 
higher order of complexity than any purely electrical phenomenon. 

I ha\c sought also to make clear the great importance of tho part 
played by “ impurity ” in Nature in conditioning chemical change — 
a pait which seems to meet with an explanation from the association 
but not from the opposite point of view. Tho influence of impuri- 
ties on properties has also been specially noted. 

Lastly, the insight which the study of tho electrical behaviour of 
substances generally promises to throw on almost all of the chief 
problems of chemistiy lias been briefly touched on. 

I am only too conscious that my discussion of all these questions 
is not only incomplete, but very general and even vague in many 
places, language being sometimes used— as in quoting from Fara- 
day — in a sense which may somewhat offend the purist ; probably, 
however, the object I bavo in view will be clear even in these eases. 
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Plimpton, Richard T., and John V. 
Ohorley, titration of iodine solu- 
tions with barium thiosulphate, 
814. 

Pope, William J. s orthobouzoic sul- 
phirdde, 985. 

— the crystalline form of the iso* 
meric dimelhylpimelic acids, Pjboo,, 
1895,8. 

Pope, Wittiatn J \ See also F. $. 
Kipping:. 

Prentice, David. See G. G. Hender- 
son* 

Purdie, Thomas, and Herbert W. 
Bolam, optically active methoxysuc- 
clnic and propoxysnccinic acids, 944. 

Purdie, Thomas, and J . Wallace 
Walker, preparation of the active 
laotic acids, and the rotation of thoir 
metallic salts in solution, 610. 

Purdie, Thomas, and Sidney William- 
son, ethereal salts of active methoxy- 
gucoinio and ctlioxysuccinte acids, 
957. 


R. 

Baapage, Hugh. See J, Beddrop. 

Ramsay, William , J. Homan Collie, 
and Morris W . Travers, helium, a 
constituent of certain minerals, 084. 

Beddrop, Joseph, and Hugh Raraage, 
volumetric estimation of manganese, 
268. 


Bennie, Edward H, a colouring matter 
from Lomatia ilicifolia and L. for- 
g (folia, 784. 

Richmond, H. Droop , the milk of the 
gamooso, Pboc., 1895, 77. 

Bose, Tom K., note on liquation in 
crystalline standard gold, 552. 

the dissociation of chloride of gold, 

881. 

some physical properties of the 

chlorides of gold, 905. 

Ruhemaxm, Siegfried, and K. J . P. 
Orton, studies in the malonic acid 
scries, 1002. 

Bussell, O. j F. See F, S. Kipping. 


S. 

Schunck, Edward, Iho yellow colour- 
ing matter of Sophora japontca , 
30. 

Sedgrwiok, Annie P., and J. Korman 
Collie, somo oxvpyridine derivatives, 
399. 

Shaw, Sac ills. See P, P. Bedson. 

Smithells, Arthur, on llamo tem- 
peratures and the acetylene thoory 
of luminous hydrocarbon flames, 
1049. 

Sonstadt, Edward, note on the reduc- 
tion of potassium platinoohlorido, 
984. 

Stem, Arthur £„ contributions to the 
ohemistry of oelluloso. I. Oollulose- 
sulphuric acid and the products of its 
hydrolysis, 74. 

Sudborough, J. Joseph , diortho-sub- 
stituted benzoic acids. I. Substituted 
benzoyl chlorides, 687. 

— diortho-substitnted benzoic acids. 
II. Hydrolysis of aromatic uitrilcs 
and acid amides, 601. 

— note on the action of sodium oth- 
oxide on deoxybonzoln, 00 1. 

Sudborough, J. Joseph. Hoc IK It, 
Perkin, jun. 


T, 

Thomas, Q. L., and Sydney Young, 
the vapour pressures, specific volumes, 
and critical constants of normal 
hox&ne, 1071. 

Tilden, William A ,, and Martin 0« 
Forster, action of nitrosyl chloride on 
amides, 489. 

Tilden, William A., and B. 3f. C. 
Marshall, action of lytroRyl chtorido 
on asparagine and aspartic acid. For* 
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Veley, Victor 2£., the action of h} clro- 
gen oliloride on the oxides of calcium, 
barium, and magnesium, Pboc., 1894, 
240. 

w. 
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tion of two silver ornaments from 
Inca graveB at Chimbole, Peru, 
242. 
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affinity of weak bases, 676. 

Walker, James, and Frederick J. 
Hambly, transformation of ammo- 
nium cyanate into urea, 746. 

Walker, James, and James Hender- 
son, electrolysis of potassium alio- 
ethylic camphorato, 337. 

Walker, James. See also J. S. Apple- 
yard. 

Walker, J. Wallace , the ethereal salts 
of the optically active lactic, cliloro- 
propionic, and bromopropionic acids, 
914. 


Walker, J. Wallace . See also T. 
Pur die. 

Walter, L. Edna, note on thio-deriva- 
tives from sulpbonilic arid, Pboc., 
1896, 141. 

Whiteley, Miss M. A . Sec 22. Cromp- 
ton. 

Williamson, Sidney. See T. Purdie. 

Wright, Charles F. A obituary notice 
of, 1113. 

Wrigrht, Lewis T., a property of the 
non-luminous coal gas flame, Pboc., 
1896, 72. 

Wynne, William P.,and James Bruce, 
the disulplionic acids of toluene and 
of ortho- and para-ehlorotoluenc, 
Proo., 1896, 162. 

Wynne, William P., and Alfred 
Grooves, the six dichlorotoluenes 
and their sulphonic acids, Pboc,, 
1896, 161. 

Wynne, William P. See also SI. 28. 
Armstrong. 

Y. 

Young*, George, synthesis of diplienyl- 
oxytriazole, 1063. 

action of benzaldehyde on 

phenylsemicarbazide, Pboc., 1895, 
124. 

Young, Sydney. See <2. L. Thomas. 
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TRANSACTIONS. IS 9 5. 

And also to such papers as appeared in tho Proceedings during the 
Session 1894 — 1895 (Nos. 142 — 154; November, 1894, to July, 
1895), but not in Transactions (marked Pboc.), 


A. 

Acetamide, action of nitrosvl chlonde 
on, 489. 

Acetanilide and ui-dimlroben-sene, melt- 
ing points of mixtures of, 831. 

— and a-dinitropkenol, melting 
points of mixtures of, 331. 

*- — and w-nitranilme, melting points 
of mixtures of, 330. 

Acetic acid and its oliloro- and bromo- 
darivafcives, comparison of the pro- 
perties of, 664. 

chlor-, isomeric modifications 

of, 665, 669. 

w-Acefcylamidoazobenzene, 926. 

Acetyl-1 : 5-diphenyl-3-oxytmzole, 
1066. 

Acetylene, flame of, 1059. 

- — incomplete combustion ol, Pboo., 
1894, 180. 

- — occurrence of, in flames, 1057, 

« — theory of luminous hjdrooarbon 
flames, 1049, 1147. 

Acetylelhyl-o-toluidino, p-nitro-, 247, 
a-Acetylnaphthalide, 4 : 2-iodomtro-, 
912. 

Acetylphenylhydrazino, action of mag- 
nesium on, Pboo., 1895, 10. 
Acetyl-w-toluidide, 2-chloro-, Pboc., 

1896. 152. 

6 : 6-diehloro-, Pboo., 1896, 152. 
Aoetybo-toluidido, 6-ehloro-, Pboo., 

1895. 152. 

Aoefyl-p-toluidide, 2-ehloro*, Pboo., 

1896. 152. 

Ae^yltrimetbyloyanopropiomc acid, 

Aeetylyeratrylpseudaconine, Pboo., 
1896, 155. 

.Add, O 10 HJ 4 O 4 , derived from v-bromo- 
camphoric acid, Pboo., 1895, 88. 


Acid, CjoU 12 O s , doiivod from w-bromo- 
camphone acid, Pboc., 1896, 88 . 

OjoIfnOjj, derived from w-bromo- 

camphono acid, Pboo., 1895, 88 . 

Acid-anudcs, aroma tie, hydrohnis of, 
601. 

Acids, dissolved, molecular refraction of, 
831. 

— hydroxy-, action of acidic oxidos on 
the salts of, 102, 1030. 

organic, reduction of tho chlorides 

of, Pboo., 1894, 216. 

Acidylthiocarbimides, 1040. 

Aconite alkaloids, 459; Pboo., 1896, 154. 

Aconitine, acetyl derivatives of, 459. 

auroohlorxdes, Pboo., 1896, 27. 

constitution of, 459, 464. 

Adipic acid, preparation of, 135. 

bromo-, 169. 

Affinities of feeble basos 370. 

Air, liquid, phosphorescence and photo- 
graphic action at the temperature ol 
boiling, Pboo., 1894, 171. 

Alkaloids of Corydnhs caett, 25, 

«6-AHylphenylcarbamide, 564. 

«5-A31ylphenylurea, 504. 

<r6-Allyho-tolylthiooarbaniide, 559. 

Aluminium, freezing point of, 187. 

Amides, action of nitro&yl chloride on, 
489. 

Amidohydroxypicoline, 223. 

Amines, aromatic, preparation of tho 
formyl derivatives of, 829. 

primary, interaction of 3 s 2-dike- 

tones with, 32. 

Ammonia, concentrated aqueous, action 
of hydrogen sulphide on, 283. 

— rate of escape of, from solutions of 
varying concentration, 871, 878, 879, 
984. 

— * solution, oxidising action of, on 
some metals, Pboo., 1895, 9 . 
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Ammonium antimoniocitrate, 1031. 

— arsoniocitrato, 1034. 

araeniotartrate, 101. 

•—chloride, molecular refraction of 

dissolved, 830, 844, 865. 

cyanate, transformation of, into 

urea, 746. 

enneasulphide, 305. 

— hcptasulphide, 30C. 

Indrogen ethoxysuceinates, active, 

000 / 

hvdrosulphitlc, oxidation changes 

of, 277. 

propagation of, 283. 

solid, attempts to prepare, 

286. 

iodide, molecular refraction of dis- 
solved, 837, 845, 

pentasnlphide, 295. 

salts, fused, action of metals on, 

Pkoc., 1895, 114- 

sulphide, attempts to prepare, in 

solution, 23$. 

— — crystals, preparation of, 292. 
— — solution (reputed), action of 

sulphur on, 297. 

sulphides and polysulphides, 277. 

— tartrarsenite, 104. 

tetrasulphide, 301, 302. 

trisulplude, attempts to prepare, 

303. 

zinc lactates, active, preparation 

of, 617. 

sulphate, molecular refraction 

of disfrolved, 838. 
i <to- A myloarbamide, 564. 

Amylene, magnetic rotation of, 256. 
li-o-Amylthiourca, 559. 
i\o-Amylurea, 564. 

A mtcyehut JPyreth ram , active constituent 
of, 100. 

Anhydromorin sulphate, 040. 

Aniline, action of uitrosobenzene on, 

m. 

2 .* 5-dibromo-, action of nitrous 

acid on, Paoo., 1895, 109. 

w -nitre- and acetanilide, melting 

poiuts of mixtures of, 830. 

and w-dinitrobenzene, melt- 
ing points of mixtures of, 330. 
Anniversary meeting, 1105. 
Anthragsllol dimethyl ether from chay 
root, 819, 824. 

Antimonie add, solutions, action of 
hydrogen sulphide on, 515, 527, 534. 
Antimoniodtric acid, salts of, 1030. 
AntimoniouB oxide, action of, on citrates, 

iota. 

— action of, on lactates, 1036. 

* action of, on malates, lp85. 

action of, on mucates, 1086. 


Antimomous salts, action of oxidising 
agents on, 516. 

Antimony, freezing point of, 186. 

pentasulphide, action of heat on y 

529. 

action of light on, 528. 

— potassium chloride, 516. 

Argon, oocurrence of, iu the gases en- 
closed in rock salt, Pboo., 1895, 343. 

Arsenic acid, action of hydrogen sul- 
phide on solutions of, 527, 533. 

Arsenious anhydride, action of, on 
citrates, 1033. 

action of, on lactates, 1086. 

action of, on muentes, 1038. 

action of, on potassium malate- 

1036. 

sulphide solutions, coagulation of, 

63. 

physical properties of, 63. 

g p. gp. fa. 

Artocarp its integrifolia, constituents of 
the wood of, 937. 

Asparagine, action of nitrosyl cliloride 
on, 491, 494. 

Aspartic acid, action of nitrosyl chloride* 
on, 494. 

Association hypothesis of chemical ac- 
tion, 1124. 

Atmosphere, attempts to estimate the 
sulphur in, Pboo., 1894, 218. 

Atomic weight of tellurium, 549. 

Azobenzeno, w-amido-, 928. 

Azo-compounds, 925. 


B. 

Balance sheet of the Chemical Society, 
from March 16, 1894, till March 16, 
1895, 1320. 

Balance sheet of the ’Research Fund, 
from March 36, 1894, till March 16, 
1895, 1121. 

Barium antimoniooitrate, 1031. 

— chloride, moL refraction of dis- 
solved, 836, 844. 

— — nitrate, mol. refraction of dissolved, 
888, 846. 

oxide, action of dry hydrogen 

chloride on, Pboo,, 1894, 240, 

— ^propoxysuooiaate, 956. 

— rottlorin, 235, 

— tartrarsenite, 106. 

Barometer, new form of, 129. 

Bases, metallic, affinity of, 585. 

organic, affinity of, 582. 

— weak, affinities of> 576. 
Benzaoonine, acetyl derivatives of, 459. 
Benzaldehyde, action of phenylsemi** 

oarbazide on* 1063 * Paod., 1095, 12f& 
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Benzaldoximes, action of phosphorus 
peniachloride on, Peoo., 1895, 149. 

— ethers of, Peoo , 1895, 149. 

isomerism of, Peoo., 1895, 149. 

Benzamide, action of nitrosyl chloride 

on, 490. 

2 : 4rdibromo-, 603. 

— 2 ; 6-dibromo-, 595, 603. 

hydrolysis of, 603. 

3 : 5-dibromo-, 594. 

— — 2:4: 6-tribromo-, 597. 

3:4: 5-tribromo-, 596. 

Benzene, condensation of, with bonzyli- 
dene chloride, 829. 

condensation of, with chloroform, 

829. 

«i-dinitro-, and acetanilide, melt- 
ing points of mixtures of, 331. 

— — and w-nitraniline, melting 
points of mixtures of, 330. 

nitroso-, action of, on aniline and 

on phenylliydrazine, 928. 
tti-Bonzeneazo-o-acetyltoluklide, 932. 
j^-Benzeneazo-o-ftcotyltoluidide, 931. 
Benzeneazoeyanomaclurin, 942. 
Benzeneazomaclurin, 933. 

— dyeing properties of, 936. 

jp-nitro-, 934. * 

jo-BenzeneazotoluenC, 929. 

f»-amido-, 932. 

^-Benzeneazotolnencsulphouic acid, 930. 

— chloride, 980. 

Benzile, action of benzylauime on, 85. 

action of ethylamine on, 48. 

condensation of, with efchylic aceto- 

acetate, Peoo., 1895, 146. 

— condensation of, with et hylic 
malonate, 182. 

o-Benzileosazone, 613. 

conversion of, into the ^-modifica- 
tion, 612. 

^Benzoic acid, 2 s (kiibromo-, 603. 
Benzoic acids, diortho-substituted, 587, 
601. 

Benzoic chloride, et-bromo-, and its 
stability towards bases, 590. 

— o-bromo-, and its stability 

towards bases, 589. 

— jp-bromo-, and its stability 

towards bases, 591. 

— 2 : 4-dibromo-, and its 

stability towards bases, 592. 

2 : 6-dibromo-, and its sta- 
bility towards bases, 594. 

— — — 3 : 5-dtbromo-, and its sta- 
bility towards bases, 593. 

— — 2 : 6-dinitro-, and its sta- 
bility towards bases, 599. 

— reduction of, Pboc , 1894, 

210. 


Benzoic chloride, 2:3:4: 6-ielrabro- 
mo- and its stability towards bases, 
597. 

— 2:4: 6-tribromo- and its 

stability towards bases, 596. 

— — 3:4: 5-tribromo- and its 

stability towards bases, 595. 
2:4: 6-trinitro- and its sta- 
bility towards bases, COO. 

chlorides, substituted, 687. 

o-Benzoicsulphmide, crystallography of, 
983. 

jS-Benzoylcinnamic acid, 137. 

Benzoyl-1 : 5-dipheuyl-3-oxytriazole, 
1066. 

Benzoylphenylhydrazine, action of mag- 
nesium on, Pkoc., 1895, 10. 
Benzylamine, action of benzile on, 35. 

— action of, on phonanthraqui none, 
46. 

Bonzylidenephonylhydrazone, action of 
iodine and sodium cthoxido on, 606,. 
611. 

oxidation of, with amylic nitrite, 

615. 

Benzyllophinc, 38. 
flffi-Bonzyl-w-tolylcarbamide, 563. 
nri-Bonzyl-o-tolylcarbamide, 662. 
n5-Benzyl-*»-tolylurea, 563* 
ni-Benzyl-o-tolylurca, 562. 

Bismuth bromide, action of kydrogon 
sulphide on, 91. 

chloride, action of hydrogen sulph- 
ide on, 91. 

haloid compounds, action of hy- 
drogen sulphide on, 90. 

hypophosphite, 227, 229. 

— liquation caused in standard gold 
by the presence of, 652. 

— sulphide, action of bromiue on, 92. 
— — — action of chlorine on, 92. 

•: — - thiohromido, 91. 

— thiocbloride, 91. 

— — thiohalohl compounds, analysis of, 
98. 

— thioiodido, 92. 

Bromine, rate of escape of, from aqueous, 
solutions of varying concentration* 
874,879. 

iVo-Butylanhydrodibenzilaeotoaeetic 
add, Peoo., 1895, 147. 
wo-Butylcarbamide, 659, 
eee-Butylearbamide, 560. 

Butylic Z-etkoxysuednate, 973. 

i-methoxysucoinate, 971. 

ko-Butylic ^-ethozysuednate, 974. 

— f-ethoxysucemate, 074. 
eee-Butylie bromide, 265. 
nJ-eec-Butylphenylcarbamide, 561, 
e&-eec-Butylpkenylurea, 561. 
eee-Butylthiourca, 559, 
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Butyl urea, 560. 
iso-Butyluvea, 559. 

Butyric chloride, reduction of, Pboc., 
1895, 216. 


C. 

Cadmium, <Moctatc, 626. 

Caesium sulphate, mol. refraction of dis- 
solved, 838. 

Calcium chloride, mol. refraction of dis- 
solved, 836, 844, 864. 

/-lactate, 626. 

oxide, action of dry hydrogen 

chloride on, Pboc., 1894, 240. 

rottlerin, 235. 

tartrarsenite, 105. 

Oamphene, a-diehloro, Pboc., 1895, 57. 
Camphenesulphonamide, a-chloro-, 
Pboo., 1895, 57. 

j8-ehloro-, Pboo., 1895, 58. 

Campbenesulplionic chloride, a-chloro-, 
Pboc., 1895, 57. 

p-chloro, Pboc., 1895, 57. 

aZZo-Campliolytic acid, 341. 

dibromide, 343. 

/jo-Campholytie acid, identity of cam- 
photlietic acid with, 317. 

Camphor, w-bromo-, dextrorotatory, 
382. 

racemic, 387. 

broiuonitro-, Pboc., 1895, 34. 

7r-cbloro-, dextrorotatory, 377. 

— inactire, 378. 

chlorobromo-, action of nitric acid 

on, Pboo., 1896, 6. 

■ on-cblorobromo-, 399. 

* ira-chlorobromo-, 397. 

— a-dibromo-, action of nitric acid on, 
Pboo., 1895, 5. 

— derivatives of, Pboo., 1895, 

4, 

■ av-dibromo-, 391. 

cwr-dioliloro-, 389. 

— • ^halogen derivatives of, 371. 

* isomeric sulphonio chlorides derived 

from, Pboc., 1896, $7. 

sulphonio derivatives of, D54. 
Camphoric acid, ir-bromo-, derivatives 
of, Pboo., 1895, 88. 

from the oxidation of 

v-di-bromocamphor, Pboo., 1895, 33. 

— — oonstitution of, 345. 
Oainphoric^anhydride, r-bromo-, Pboo., 

Cfi^horsulphonic bromide bromo-, 

— - — — chloro-, 369. 

* dextrorotatory, preparation 

of, 864* 


Camphorsulphonic bromide, optically 
inactive, preparation of, 359. 

— cliloride, dextrorotatory, prepara- 
tion of, 358. 

optically inactive, preparation 

of, 357. 

chlorides, cldoro-, and bromo-, pre- 
paration of, 356. 

Camphotbetic acid, identity of with ho- 
campholytic acid, 847. 

Camphylic acid, bromo-, Pboo., 1895, 
24. 

sulpliochloridc, Pboo , 1895, 

24. 

Carbamide, action of nitrosyl chloride 
on, 490. 

substitution derivatives of, 556. 

transformation of ammonium cya- 

nate into, 746. 

Carbon, alleged separation of, in the 
cyanogen flame, 1061. 

Carbonic anhydride, rate of escape of, 
from aqueous solutions of varying 
concentration, 874, 879. 

Cellulose, acetylation of, 447. 

chemistry of, 438. 

— electrochemical phenomena of, 436, 
449. 

hydrolysis and hydration of, 441. 

sulphuric acid and the products of 

its hydrolysis, 74. 

tetraoctate, 418. 

Celluloses, classification of, 439. 

Cerium-yttrium group, not yet tho- 
roughly characterised elementsof,477. 

perfectly characterised ele- 
ments of, 475. 

Chay root, colouring and other prin- 
ciples contained in, 817. 

Clietidamic acid, 463. 

Oliemic&l affinity, nature of, 1124. 

— change and electrolytic change, 
unity of, 1139. 

_ and tho conditions which 

determine it, naturo of, 1122. 

— ©Afoot of “impurity ’* in con- 
ditioning, 1 139. 

— — electromotive efficiency in, 

1147. 

— — * influence of moisture on, 
1139. 

— constitution and latent heat of 
fusion, relationships between, 315. 

Chlorine, rate of escape of, from aquoons 
solutions of varying concentration, 
874^ 879. 

oJ-Cinnamoyl-a-naphthylthiocarhamide, 

1048. 

Oinz&amoylphenylcarbamide, 1047+ 
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Cinnamoyltliiocarbimide, derivatives of, 

1046. 

Cinnamoylthiourea, 1048. 
Cinnamoylthiourethane, 1049. 

<ib‘ Oinnaanoy 1-o-tolyltMocarbft m idc , 

1047. 

aS-Cinnamoyl-^-tolyltliiocarbamide, 

1047. 

Citric acid, action of antimonious oxide, 
on the salts of, 1030. 

— — action of arseniou9 anhydride 
on the salts of, 1033. 

Clevite, discovery of helium in, 1107. 

— spectrum of the gas from, 
1108. 

Coagulation of arsenious solutions, 
63. 

Coal-gas flame, chemistry and structure 
of, 1049. 

structure and chemistry 

of the non-luminous, 1051 ; Pboo., 
1896, 72. 

Cobalt, action of, on fused ammonium 
salts, Pboo., 1896, 114. 

chloride, molecular refraction of 

dissolved, 836, 844. 

— oxidising action of ammonia solu- 
tion on, Pboc.,1895, 9. 

Colouring matters from Zomatia Hid- 
foUa and J6. longifolia^ 784. 

yellow, compounds of, with 

acids, 644. 

— principles of ebay root, 817. 

„ of the wood <*£ Artocarjpus 

inUgrifolia, 937. 

Combustion, incomplete, of some 
gaseous carbon compounds, Pboo., 
1894, 179. 

Copper, action of, on fused ammonium 
salts, Pboo., 1896, 114. 

chloride, molecular refraction of 

dissolved, 886, 844. 

— freezing point of, 190. 
Corybulbine, 25. 

action of hydrogen iodide on, 

28. 

*— hydrochloride, 27. 

methipdido, 28. * 

— platinochloride, 27. 

— sulphate, 27. 

Corydahe aeid, 22. 

Corydaline, 17, 21. 

• — - action of chlorine on, 17. 

chloro-, 17. 

•—■-oxidation of, with potassium per- 
manganate, 17. 

— specific rotation of, 17. 

Corydalinio add, action of hydrogen 

iodide on, 21. 

— — constitution of, 24, 

Corydalis cava , alkaloids of, 5. 


Crystallography, use of the globe in the 
study of, Pboo., 1894, 226. 

Cyanogen, alleged liberation of carton 
from, in flames, 1061. 

incomplete combustion of, Pboo., 

1894, 180. 

Cyanomaclurin, 939. 

Cyanuric acid, preparation of, Pboo., 
1895, 148. 


Decylene, magnetic rotation of, 257. 
Deoxybenzotn, action of sodium othoxido 
on, 604. 

action of sodium methoxide on, 

605. 

Desylacetic acid, 137. 

Dosyloneacetic acid, 137, 
DeBylcnemalome acid, 135. 
Diacetyloconitine, 462. 
Diacctylbonzaconino, 459. 
Diacetvlhydroxylapachol, 791. 

Diallyl, magnotic rotation of, 258. 
Di-we-amylcarbamide, 564. 

Diamylene, magnetic rotation of, 
267. 

Di-jm-amyiurea, 564. 

Diastase, action of, on starch, 702, 
789, 

— action of, on starch paste* in the 
cold, 309. 

of kiln-dried malt, action of, on 

maltose, 743. 

action of, on starch, 

707,744. . 

Diazoamidobenzene, 01 -dinitro, m, p. of, 
51. 

o-dinitro-, preparation and proper- 
ties of, 62. 

— p-cUnitro-, m. p. of, 60. 
Diazoamidobenzones, isomeric (linitro-, 

and their melting points, 50, 
P-Diazoanudonapbthaleno, 1 : l'« 4 : 4'» 
diohlorodibromo-j 911. 
Dibonzoylphonylmethane, Pboo., 1895, 
147. 

Dibenzylidenediphenylbydroietrassone, 
action of alcoholic potash on, 
611. 

Dibcnzyllophonium benzoate, 42. 

chloride, 36. 

dibenzoate, 41, 

— hydroxide, 40. 

— nitrate, 42. 
osJ-Di-iw-butylcarbamide, 560. 
rtJ-Di-tfec-butyloarbamide, 661, 
a&-Di*i* 0 -butylurea, 560. 
<j$-Di-see-butylurea, 561* 
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a-^Diethoxypicoline, 411. 
Diliydroiy-^-dioaphtliaquinono, 662. 
a&-Di-j»-hydroxydiphenylthiocarbanude, 
559. 

ay-Dihydroxypioolinic acid, 409. 
Dihydroxy tartaric acid, preparation of, 
48. 

o-Dikotones, interaction of, with pri- 
mary amines, 32. 
oa-Dimethyloarbamide, 563. 

««! -Dimethyl gl utaric acids, 416. 
act! - D imet liylglut ar ic acid, 428. 

anhydride, 429. 

frawj-aaj-Dimethylglntaric acid, 429. 

1 : 3-Dimethylketohexametliylene oxime, 
351. 

anfo'-oa'-Dimethylpimelie acid, proper- 
ties of, 151. 

^-oa'-Dimetbylpimelic acid, isolation oi, 
145. 

. properties of, 150. 

Dimeihylpimelic acids, crystalline form 
of the isomeric, Pboo., 1895, 8. 
aa'-Dimetbylpimelic acids, stereoiso- 
merie, 139. 

tfafi-aa'-Dmethylpimelic anilide, 154. 
j^-aa-DImethylpim elic anilide, 154. 
aa'-Dimethylpyridine, y-cliloro-, 400. 
Dimethylpyrroline, from the dry distil- 
lation of ethylic /3-amidocrotoDatc, 
220 . 

aa-Dimethylurea, 563. 

00-Dinaphihadiquinone, 661. 
pjS-Dinaphthyl, 656. 

and its quinones, 653. 

Diplienoxymethane, Pboo., 1895, 40. 
jSy-Diphenylorotolactone, 137. 

3 li^p-phenyldisazophenyleno, 028. 
Diphenylmethane, preparation of, 827. 

1 : 5- Diphenyl -3 -oxy-1 ; 2 : 4-triiuole, 
1064 s Pboo., 1895, 124. 

— — synthesis of, 1063. 

1 s 5-Diphenyl-l : 2 : 4-triazole, 1068; 

Pboo., 1895, 124. 

— hydrochloride, 1070. 


- platinocliloride, 1070. 
-Diphenyl-1 : 2 : 4-triazc 


1 : 5-Diphenyl-l : 2 s 4-triazolooarboxylie 
arid, 1069. 

Digopargyl, magnetic rotation of, 

oJ-Dipropylcarbamido, 563. 

oi-Dipropylurea, 563. 

Dissociation, electrolytic, or ionic, hy- 
pothesis of, 1124. 

— of gold chloride, 881. 

— of liquid nitrio peroxide, influence 
oi the solvent on the, 794. 

a5-o^-DitolyloaTbamide, 562. 

Di-«»-tolylthiocarbamide, 559. 

aJ-o^j-Ditolyltliiocarbamide, 558. 

€f 5-e-# -Ditolylurea, 562. 


Dyeing properties of benzoneazo- 
maclurin and its homologues, 936. 
of jack-wood, 943. 


Earths, rare, history of, 470. 

Electrical conductivity, insufficient pu- 
rity of the materials used in the de- 
termination of, 3 157. 

Electrochemical phenomena of cellu- 
lose, 436, 449. 

Electrolytes, nature of, 1133. 

Electrolytic change and chemical 
change, unity of, 1139. 

dissociation, hypothesis of, 1121*. 

Electromotive efficiency of chemical 
change, 1147. 

force of an iodine cell, Pboc., 

1895, 30. 

Elements, refraction equivalents of, 
and the periodic law, Paoc., 1895 r 
10 . 

Emodin methyl ether, 1088. 

Ethanetetracarboxylie acid, ethereal 
salts of, 768. 

2-Ethoxy-4 : 6-dimetliylpyridine from 
the dry distillation of ethylic p axnido- 
crotonalo, 221. 

1- Ethoxynaphthalene, 4 : 2-iodonilro-, 
913. 

2- Ethoxynaplithalene, sulplionation of, 
Pboo., 1895, 49. 

2:1: 3'-Ethoxynaphthalonedisulphon- 
amido, Pboo., 1895, 51. 

2:1: 3'-Ethoxynaphthalenodiaulpkon- 
anilido, Pboo., 1895, 51. 

2:1s 3'-Ethoxynaphtbalenodisiil* 
phonic acid, Pboo., 1895, 51. 

chloride, Pboo., 1895, 61. 

2:3; S'-Etlioxpaplithaloncriisul- 
phonio chloride, Pboo., 1895., 52. 

2 : l-Etlioxynaplithalencsulphonamide, 
Pboo., 1895, 62. 

2 : l'-KUioxynaphtlioloneaulphouamide, 
Pboo., 1895, 49, 

— nitro-, Pboo., 1895, 49. 

2 : B^Ethoxynaphthalonesulphonaxnido. 
Pboo., 1895, 50, 

2 t 3'-3fithoxynaphthalenesiilphoaainid#, 
Pboo., 50, 

1-bromo-, Pboo., 1895, 60, * 

< nitro-, Pboo., 1895, 50. 

2 : 1-Etlioxynaphthalenesulphonamlido, 
Pboo., 1896, 62. 

2 :1 '-Etho xynaphtbalenesulphonanilide, 
Pboo., 1895, 49. 

2 : 2' -Ethoxynapbthale^OBnlphorqsniHde 
Pboo., 1895,% 
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■ 2 .1-Etho'tjrnaphfcbalenesulphonic acid 

~~~ chloride, Puoo, 1886, 61. 

p;®a^ p £ halenesui p^ 

5.1' ™~ nitro '? Pboo -> 1898, 49. 

'iSSSSr i !' l-, * i| . 

rr,^. 10 -’ Pe °°-. 1896, 49. 

!'4Ss^r a ' k ^"* 1 - 

„ “ 1 ;broino-, Pboo, 1896, 50. 

a Tju.” *“%<)-, Pboo, 1896, 80. 
d-Ethoxysuooimo acid, 967, 
/-Ethoxysiipcmic acid, 967. 
EfwY“ C “?• solution of, 960. 

"SESS* ^ 

I t t !’y{ M “ in e.*etKm of, on benaile 43 

aeid > 

E i8M!T ,,sulp!wnati0U of - P b °o, 

K 1896! n ^“ e ' 0 “ S “ lpionami(1 «. pBOP > 
E 1896®T ey, ‘ SUlph0namide * ftOft, 

lc ^r^ u,phoafe ^ ***, 

cldoride, Pboo., 1886, 4,8. 
S^T* e ' p ‘ 8Ull>honie “** P*oc, 
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i%lic af/o-rampholytate, 3M. 

— . dibromido, 340. 

- atfo-eamphoUietata, 34J. 
“-cluoropropionate, 918, 

einnan w>7lt>hiocarboiua(e, low. 

^a-cyanopropionalo, preparation of, 

~7I ^rboxrglataconato, combination 
!^ 1 “ l guanidine, 1008. 

" aicyanopropionatc, 422. 

action 

° f y^ 21116 hydrate on, 1008 
‘ a-efhoxysuccinate, 072. 

P5oo^S be “ a -^»tc, 

— ^drazodi’methjlenedimalonafce, 

~ ~ action of ammonia on, 1012 
on, ion** 10 " ° f hydrato 

HI ^“aolnylnmlonato, 133. 

— rf-Iacta“fte"" J0nate>131 ' 

CO,ld0D9atio “ * f bonaile 

f-^^aucoinato, 971. 
^^lbutanetotmoarboxylato, 

— **■ mathv1-jLM_k<.4.»7 i . 


?«*OMdc, PjROO.. 1895 48 

«i’f( t l lr ik enZjlcarlm ' nido > &#." 

fe®v i ^ ruroa * 562 - 

1061 ' ^^Wl-S-orytriaaole, 
Et ft?18W?17 P 9 efe e ° mbu * iim of- 

a ‘Sft4 d ioi8 n>vl " nin ° di ^ dr °- 
othw ef . 

To™**’ W “° n of bjdroxylamino on , 

®*yIio alcohol, action of on „,•*.« 
sulphate?, 1101. ’ °“ mtros °- 

— ,/^amidocrotonate, action of beat 



A, UUiWUZ 

PhOO., 1896, 146. 

— benaoylsarcolactate, Pboo, 1885, 

— - f-bromopropionate, 921 
-~-«o.bnty]an£ydrodibo n *aoac«to- 

•«•**** P*oo, 1896, 147, 


^^&^T 7e%Imalon ' 

plienylic tther, brom-, Pboo, 1896, 

PBoZlsft^ 6 ** 8 ^. 

^lWKSr b ° Xyl ‘ t0 ’ 0OMii ^on 
«arco|actate, Pjioo., 1895 54 

r^^s^ssshg*- 

twmotbyloyanosucoinate.m 8 ' 



lOS.ur^^ wwue ^wmftionttfce, 
° f ’ 
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Etliylthiobenzenesnlphomo acid, potas- 
sium salt of, Pboo., 1895, 141. 
Etliyl-o-toluidine, action of diazotiscd 
jp-nitro-o-toluidine on, 249. 

derivatives of, 2-16. 

j)-nitro-, action of diazotiscd w*ni- 

traniline on, 250. 

— action of diazotised y- 

nitro-o-toluidine on, 2j50. 

q — action of diazotiscd o-tolui- 

dine on, 249. 

1:2. 4-Ethyltolylonediamine, 247. 
JEvoclia meliafolia , colouring principle 
of, 413, 414. 


P. 

Fergusonito, helium from, 689. 

Porric chloride, molecular refraction of 
dissolved, 836, 844. 

Ferromanganese, estimation, volumetric, 
of manganese in, 274. 

Pisetin hydrobromide, 649. 

hydrochloride, 649. 

hydriodide, 649. 

— sulphate, 648. 

Plame, coal-gas, structure of, and 
chemistry of the non-luminous, 1051 ; 
Pboc., 1895, 72. 

of acetylene, 1059. 

temperature gradients of, 1050. 

temperatures, 1049. 

Flames, alleged liberation of carbon 
from cyanogen in, 1001. 

hydrocarbon, luminous, acetylene, 

theory of, 1049, 1147. 

structure of, 3054. 

temperatures of different 

parts of, 1053. 

non-luminous, measurement 

of the temperature of, 1051. 

— occurrence of acetylene in, 1057. 
temperatures of different parts of, 

1050. 

Porrnyl derivatives of aromatic amines, 
preparation of, 829. 
Formyl-o-tolylhydrazide, 830. 

Freezing point of very diluto solutions, 
a new method of determining, 1. 
Freezing points of acetic acid and its 
chloro-derbativos, 669, 679. 

of gold and silver, 1024. 

of metals, 185. 

— of salts, 190. 

of solutions of tbo metallic 

salts of active lactic acids, 632. 
Fusion, latent heat of, Pboo., 1895, 
125. 

and chemical constitu- 
tion, relationship between, 315. 


G. 

GuUacotophenoneoximc, 997. 

Galvanic cell, E.M.F. of an iodine, 
Pboo., 1895, 30. 

Gamoose, milk of the, Proc., 1895, 77. 

Gas, showing the spectrum of helium, 
1108. 

Gases enclosed in rook B&lt, occurrence 
of argon in, Pboo., 1895, 143. 

rate of escape of, from solutions of 

varying concentration, 869, 983. 

Glucosides from the root of Polygonum 
cuspldatmn, 1085. 

Glycocine, action of nitrosyl chloride 
on, 491. 

G-lyeollic aldehyde, new formation of. 

Gold, action of potassium cyanide solu- 
tions on, 199. 

bromide, molecular refraction of 

dissoved, 837, 845. 

chloride, dissociation of, 881. 

molecular refraction of dis- 
solved, 336, 844. 

— cnBtallino standard, liquation in, 
552. 

freezing point cf, 189, 1024. 

sodium chloride, molecular refrac- 
tion of dissolved, 836, 844. 


H. 

Heat capacity of acetic acid and its- 
ehloro-derivatives, 665, 675, 676. 

latent, of fusion, Pboo., 1895, 123. 

and chemical con- 
stitution, relationship between, 315. 

— of dissolution of acetic acid and its 
bromo- and chloro-deriv&tives, 667. 
676. 

of fusion of acetic acid and its 

ohloro-dotivatives, 665, 675,676. 
Heats, specific, of helium, ratio of the, 
896. 

Helium, a gaseous constituent of certain 
minerals, 685. 

— - density of, 695. 

— disoovory of, in eftveite, 1307, 

— properties of, 690. 

— ratio of the specific heats of, 696, 

solubility of, in water, 698. 

sources of, 686. 

— spectrum of, 687, 698, 1108. 

— wave length of sound in, 695. 
Hemipinic add from corydaline* 18. 
jp-Heptoylfcolueue and its derivatives, 
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jo-Heptoyltolueneoxime, 505. 
p-Heptoylboluidido, 506. 
Hexahydro-o-toluic acid, conversion of 
the da- into the tram- form of, 127. 
cfc-Hexahydro-o-toluic acid, 125. 

anilide, 126. 

tfr«»$-Hexahydro-o-toluie acid, 123. 

anilide, 124. 

m- and £ra»*-Hexahydro-o-toluic acids, 
119. 

Hexane, normal, vapour-pressure, 
specific volumes and critical constants 
of, 1071. 

Hexatriosazone, 708, 714. 

Hexabriose, 708, 7 14. 

Hexose, 780. 

Hexyl jp-tolyl ketone, 502. 

ketoxime, 505. 

Hexylene, magnetic rotation of, 257. 
Hexylethyleno, magnetic rotation of, 
257. 

Hippuric aoid, action of nitrosyl chlo- 
ride on, 491. 

Hjelmite, helium from, 689. • 

Homorottlorin, 233. 

Hops, essential oil of, 54. 

Humulene, 62. 

derivatives of, 780. 

nitrolbenzylamine, 781. 

nitrolpiperidide, hydrochloride, 

780. 

nitrosate, 781. 

nitrosite, 782. 

Hydrates, existence of, in solution, 

‘ Pnoo.,1896, 87. 

Hydrazines, a now eerios of, 1090. 

quaternary, 1090. 

Hydrocarbon, 0 14 H l8 , from p-hoptoyl- 
toluene, 507. 

Hydrocarbons, aromatic, modification 
of Zinoko’s reaction for the prepara- 
tion of, 826. 

*— unsaturated, magnotio rotation of, 
255. 

Hydrogen bromide, molecular refmo- 
tion of dissolved, 836, 839, 814, 865. 

— chloride, action of, on the oxides 
of barium, calcium, and magnesium, 
PbOO., 1894, 240. 

molecular refraction of dis- 
solved, 835, 844, 864. 

— — rate of escape of, from 
aqueous solutions of varying concen- 
tration, 876, 880. 

— fluoride, acidimetry of, 251. 

estimation, volumetric of, 252. 

iodide, molecular refraction of dis- 
solved, 837, 845. 

— - sulphide, rate of, eseape of, from 
aqueous solutions of varying concen- 
tration, 87ft 880. 
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Hydrolysis in fermentation, hypothesis 
as to, 1136. 

of aromatic nitriles and amido- 

aoids, 601 . 

Hydroxy-acids, action of acidic oxides 
on salts of, 102, 1030. 

a-Hydroxyadipie acid, 159. 

Hydroxycamphoric acid, Proc., 1895,. 
33, 88. 

2-Hydroxy-4-ethoxybenzoie acid, 995. 

Hydro xylamioe, acid sulphate of, 226. 

Hydroxylapachol, barium derivative of, 
788. 

calcium and silver derivatives of. 

791. 

— from the seeds of Lorn a tin Hit i- 
folia and L. longifolia , 787. 

isomerido of, 793. 

3 s 2 -Hy droxynaphthy 1-1 : 4-naphtha,, 
quinono, 659. 

Hydroxyphenoxyothano, Pnoo., 189ft 
40. 

p-Hy droxyphonylf hiourea , 559. 

4- Hydroxy in ridme-2 : 6-dicarboxvlic 
arid, 403. 

Hy8tazarin methyl ether from clia\ 
root, 819, 822. 

I. 

Iodine coll, 32.M.F. of an, Peoc., 1895, 
80. 

solutions, titration of, with barium 

thiosulphate, 814. 

Ionic dissociation, hypothesis of, 1121. 

Iron, estimation, volumetric, of manga- 
nese in, 276. 

Isomeric change, arrest of, at an inter* 
mediate stage, Peoo., 1895, 49. 

Isoprene, magnetic rotation of, 258. 


Jack-fruit tree, constituents of tike wood 
of, 937. 

J uto, action of aqueous soda and carbon 
bisulphide on, 444, 


K. 

Kamala, 230. 

yellow crystalline colouring matter 

from, 233. 

t». ' 

Lactic acid, action of arsenioun and 
antimonious anhydrides on salts oft 
1030. 



1188 


LtfDEX OP SUBJECTS. 


Lactic acid, optically active, ethereal salts 
of, 914. 

acids, active, freezing points of, 

solutions of metallic salts of, 032. 

— preparation of, 616. 

rotation of the metallic 

salts of, in eolation, 616. 

•wo-Lapaehone, isomeride of, 793. 

Lauroylbenzene, 608. 

Lead, liquation caused in standard gold 
by the presence of, 552. 

nitrate, molecular refraction of 

dissolved, 838, 816, 805. 

oxidising action of ammonia solu- 
tions on, Pboo., 1895, 9. 

rottlerin, 235. 

Light, action of, on antimony penta- 
sulphide, 528. 

Liquation in crystalline standard gold, 
552. 

Lithium chloride, molecular refraction 
of dissolved, 835, 839, 844, 864. 

i— Z-lactate, 625. 

nitrate, molecular refraction of 

dissolved, 837, 845. 

XiOmatia iUcifolta , colouring matter 
from, 784. 

— longifolia , 784. 


M. 

Maclurin, derivatives of, 933. 

Maclurinazobenzene-p-sulphonic acid, 
sodium salt of, 934. 

Magnesium chloride, molecular refrac- 
tion of dissolved, 836, 814. 

— freezing point of, 186. 

d-lactate, 626. 

oxide, action of dry hydrogen 

chloride on, Pboo., 1894, 210. 

— sulphate, molecular refraction of 
dissolved, 838, 866. 

Magnetic rotation of unsaturated 
hydrocarbons, 265. 

Malic acid, action of antimonious oxide 
on tho salts of, 1035. 

Malonawide, action of aniline on, 1006. 

notion of nitrosyl chloride on, 

490. 

— diamido-, 1003. 

nitro-, 1005. 

Malonio acid, amido-, 1006. 

— derivatives of, 1002. 

M&ltodextrin, preparation of, 703. 

Ma^tosazone, 742. 

-—modification of, by the osazone 
derivatives of maltodextrin, 734. 

**uo* Maltosazone,” 706, 719-728, 730, 
731,735,740,744. 

synthetical production of, 731. 


Maltose, action of the diastase of kiln- 
dried malt on, 742. 

action of veast on, Prog., 1895, 

46. 

— birotation of, 312. 

estimation, gravimetric, of, with 

Eehling’s solutions, 999. 

hydrolysis of, by yeast, Proc., 

1895, 46. 

fermentation of, 729. 

Lintner’s, 706, 707, 709, 714, 

739. 

Manganese, estimation, volumetric, of, 
268. 

Marignac memorial lecture, 468. 

titles of published papers by, 485. 

Melting points of mixtures, 327. 
Memorial Lecture — Jban Charles 
Galissabd db Marignac, 168. 
Mercuric perchlorate, 1013. 

Mercurous nitrate hypophoBphite, 227. 

perchlorate, 1016. 

Mercury, action of, on fused ammonium 
• salts, Pboo., 1895, 114. 

hypophosphites, 227. 

Mesoxalamide hydrazonc, 1003. 

— Bltrophenylhydrazone, 1004. 

phenylhydrazone, 1003. 

Metals, action of nitric acid on, 1151. 
molecular complexity of, in tho 

liquid and solid states, 1162. 
4-Methoxy-2-hy<lroxybenzoic acid, 904. 
2 : l'-Mothoxynaphthalenesulphon- 
amido, Pboo., 1895, 50. 

2 : 3'-Methoxynaplithalenesulphon- 
amide, Pboo., 1895, 50. 

2 : l'-Methoxynaphthalonesulphon- 
anilido, Pboo., 1895, 50. 

2 : 3'-Methoxynaphthalencsulphon- 
anilide, Pboo., 1895. 50. 

2 j I'-Metlmynaphfchalonosulphoiuc 
chloride, Pboo., 1895, 69. 

2 s fi'-Methoxyuaphthalenoflulphomc 
chloride, Pboo., 1895, 50. 
Mcthoxysucoiuic acids, optically aotive, 
944. 

— — — — ethereal salts of, 
957# 

d-Mcthoxysuccinic acid, 949. 
i-Methoxysuccinic acid, 940. 
/-Mcthoxysuccinie acid, resolution of, 
into its optically active components, 
944, 959. 

a-Methyladipie acid, 115. 

salts of, 116. 

Methylamine, action of, on phenanthro- 
quinone, 45. 

MethyL&c-butylaeetaraide, 511. 
Mefchyl-iw-butylaoetandide, 512. 
MetbyLwc-butylaeetio acid, 509, 511* 
chloride, 611. 
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Methyl-feo-butylacetyl-p^oluidkle, 512. 
Methyl- As o-buty Ira al omc acid, 510. 
a-Methylbutyrolactone, synthesis of, 
Proo., 1895, 40. 

/,i-Methyl-»-diethyldiphcnyliinidazo- 
lonium iodide, 44. 
n -Methyldiphenylenoiinidazole, 40. 
Methylemc diphienylic ether, Proo., 
1895, 40. 

/x- Methyl- a -ethyldiplienj limidazole, 

43. 

j8j8-Mei liylethylpropionanudc, 2G7. 
/SjS-Methylethylpropiouanilide, 268. 
j8jS-Methylothylpropionic acid, 26 1, 267. 
$8-Methylcthylpropion-c>-toluidido, 

268. 

Mothylhexamethylenccarboxylic acid, 
125. 

Metliylie aoet v learcolact al c, pEOU., 

1895, 54. 

o-bromobenzoate, 500. 

jp-hromobenzoate, 591. 

bromopropionate, 920. 

l-chloropropionat e, 019. 

— * 2 : 4-dibromobenzoaio, 592. 

— 2 • 6-dibromobonzontc, 595. 

3 : 5-dibromobcuzoato, 59 1, 

diethylic othanetotraoavboxylate, 

774. 

dihydrogon eihaiiotctracarboxylate, 

771. 

2 s 6-dinitrobenzoate, 599 % 

dipotassium ethanetetraoarboxjl- 

ate, electrolysis of, 772. 

ethaneteferaearboxylato, 770. 

— tf-ethoxysuccinaie, 971 . 

Ethoxy succinate, 972. 

Maclate, 916. 

d-methoxysuccinnto, 970. 

sarcolaefcate, Proo., 1895, 54. 

2:3:4*. 6-totrabromobonzoatc, 

599. 

— • 2:4s 0-trxbroniobenzoato, 597. 

— 8 ; 4 s 6-tribromobonzoato, 596. 

trlethylie otlmnotet racarboxy lut c, 

773. 

- — 2:4: G-trhritrobeiizoato, GOO. 
ft-Mcthyl-y-phenoxyotbylmalonic acid, 
Peoo., 1895, 40. 

^•Metliylphenylbenzylotirbamido, 563. 
ai-Methylphenylbenzyluroa, 563, 
<*5-Mothylphenylcarbauaide, 561. 
ai-Methylphenylurea, 661. 
Methylpropylethylene, magnetic rotation 
of, 257. 

2-Methylpytfdine, 4-chloro*., 405. 
2-Methyl-6-pyrid&iecarboxylio acid, 4* 
cbloro-, 404. 

M ethylresacefcophenone, methyl ether, 
996. 

bronio-, 997. 

vox.. Lxvn. 


SUBJECTS. 1189 

J Methyl-jS-iosoi’cyhe acid, inethji ether 
I of, 994. 

, Milk of the gamooeo, Proo., 1895, 77. 

I Mixtures, molting points of, 327. 

Monazito, helium from, 689. 
l Morin hyclriodide, 650. 

1 hytlrobromide, 619. 

hydrochloride, 650. 

I Mucic acid, action of antimonious oxide 
on salts of, 1037. 

action of ai'senious anhydride 

on the salts of, 1038. 


N. 

Naphthalene and a-uaplitliol, melting 
point b of mixtures of, 333. 

and jS-naphthol, melting points ol 

mix! urea ol, 333. 

constitution of the tri-derivatives 

| of, Pnoo., 1896, 78, 79, 81 , 82, 84. 

1:4: 2-dibroinouiiro-, 907. 

— homonuclenl, tri-derivatives of, 
907. 

a-nitro-, action of sulphur on, <>10. 

oa-thio-, 642. 

trichloro*, of m. p. 76*6°, non* 

existence of, Proc., 1895, 83. 

1:2: 2 7 - trichloro-, Proc., 1895, 

80. 

. 3:3: 3M»riehloro-, Prog., 1895, 

I 81. 

Naphtl)alono-2-diazo-l*oxido, 4-bromo*, 
, 008. 

Naphihalono-2 : S'-disulphonic chloride, 

, Aleu’s a-nitro-, tlio tnrhlovonaphtha- 
lene derivable from, Proo., 1895, 
81. 

4-chloro-, Proc., 1895, 83. 

Naphthalenes, triehlovo-, the fourteon 
isomeric, Proo., 1895, 84. 

Naphthnlenc-2'-sulphonio chloride, 
Clovers 1 * 2-nitrocbloro, the tri- 
ehloronaphthalcne derivable from, 
Proo., 1895, 79. 

Naphthalencsulphonio chlorides, forma- 
tion of cbJoronaphihaicnes from, 
Peoo., 1895, 86. 

a-Naphthol and naphthalene, melting 
points of mixtures of, 833. 

• and /?««aphthol, melting points of 

mixtures of, 832. 

1' f 2'-diehloro-, Proo., 1895, 78. 

2' : SMicWoro-, Proo., 1895, 79. 

4 :2-iodonitro-, 913. 

/3-Naphtliol and naphthalone, melting 
points of mixtures of, 388. 

— * and a-naphthol, melting points of 
mixtures of, 332. 

4f K 
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a-Naphthols, diehloro-, from dichloro- 
phonyl-£w>-crotonic acid, Proc., 1895, 

jS-Naphthylamme, 1 : 4-dibromo-, 907. 

action of nitrous acid ou, 

908. 

1 : 4-chlorobromo-, 910. 

— . action of nitrous add on, 911 . 

a-Naphthylamine-2 : 2 / -(lisulphonie acid 
of .Freund’s G-erman patent 27,346, 
Peoo., 1895, 82. 

2-Naphthylnapli fchaquinol, 658. 
2-Naphtliyl-l :4-naphthaquinone, 657. 
Nickel, action of, on fused ammonium 
salts, Pnoa., 1895, 114. 

oxidising action of ammonia solu- 
tion on, Proo., 1895, 9. 

Nitric acid, action of, on metals, 1151. 
molecular refraction of dis- 
solved, 837, 845, 865. 

Nitric peroxide, liquid, influence of tlie 
solvent on the dissociation of, 704. 
Nitriles, aromatic, hydrolysis of, 601. 
Nitrogen, atmospheric and chemically 
prepared, relative behaviour of, 
Proo., 1894, 222. 

KjeldahTs method for the deter- 
mination of, as applied to elementary 
organic analysis, 813. 
Nitrososulpliates, 452, 1019, 1095, 1098. 

action of alcohol on, 1101. 

constitution of, 1098. 

“Nitrosulphales,” 1098. 

Nitrosyl chloride, action of, on amides, 
489. 

" Nitroxysulpliites,” 1098. 


0 . 

Octaeotylinnltoso, 212. 

Octylene, magnetic rotation of, 267. 
Oil, essential, of hops, 64. 

Orangoiie, helium mom, 089. 

Osazones, storeoisomorio, 606. 

Oxarnio acid, action of nitrosyl chloride 
on, 490. 

Oxamide, action of nitrosyl chloride on, 
490. 

Oxanilide, action of nitrosyl chloride 
on, 490. 

Oxypyridine derivatives, 899. 
Oxysulphantimonio add, 542. 
Oxysulpharsenie add, 538. 


P. 

Palladium, action of, on fused am- 
monium salts, Proo., 1895, 114. 
PeUitodne.lOU 


Pellitory of medicine, the active con- 
stituent of, 100. 

Pentane, incomplete combustion of, 
I Proo., 1894, 181. 

Periodic law and refraction equivalent 
of the elements, Proo., 1895, 30. 
Persian berries, a constituent of, 490. 
Phcnanthraquinone, action of benzyl- 
amine on, 46. 

action of methylamine on, 45. 

Phenol, n-dinitro- and acetanilide, melt- 
ing points of mixtures of, 333. 

I and o-nilrophenol, melting 

points of mixtures of, 332. 

o-nitro- and cc-dinitroplienol, molt- 
ing points of mixtures of, 332. 
Phenylazocarbamide, 1067. 

Phcnyl-1- Ao-crotonic acid, 1 : 2-di- 
cliloro-, dichloro-a-naplitliols, and 
Iricliloronaphtlialenes from, Proc., 
1895, 78. 

Phenyldibenzoylacefcie add, Proo., 
1895, 147. 

Phenyldibenzoylmethanc, Proo., 1895, 
147. 

/x-Phenyldiphenj loueoxazoie, 46. 

I Pheuylhydrazine, action of nitroso- 
| benzene on, 928 

| derivatives, action of magnesium 

I on, Proo., 1896, 9. 

Phenylmcrcaptansulphonic acid, polas- 
I wum salt of, Proc , 1895, 141. 

Phcnylovamido, action of nitrosyl chlo- 
j ride on, 490. 

Phenylsemicarbazitlo, action of bcnzal- 
dehyde on 3001 ; Proo , 1895, 125. 
«i-Phcnyl-»i-tolyicarbainido, 562. 
tfi-Phenyl-p-tolylcarbamido, 502. 
Phonyltoly Imethano, prcpara! ionof, 828. 
afa Phony l-jn-iolylthiocarbamide, 067. 
o J-Phonyl-w-tolylurea, 562. 
ofc-Phonyl-ju-tolyluroa, 502. 
Phinylxylylmothaue, preparation of, 

a5-Phonyl-w*xylylthiocarhsmido, 568. 
Phosphorescence at the temporal ure of 
boiling liquid air, Proo., 1894, 171. 
Photographic action ot the tornpemturo 
of boiling liquid air, Proo., 1894. 
173. 

3?lithalimido, action of nitrosyl oliloride 
on, 491. 

Phttolyldithiooarbimido, 578. 

- — action of various basos on, 574. 

derivatives of, 666. 

Physiological action of piperovatine, 99. 
Picolinie arid, rty-diohloro-, preparation 
of, 408. * 

Piper ovaium, constituents 6f, 94 
Piperovatine, 98. 

— phytielotfwal action of* 99, 
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Pitchblende, helium from, 689. 

Platinic pyrophosphate, formation of, 
513* 

Platinum chloride, molecular refraction 
of dissolved, 836, 844. 

Polycrase, holinm from, 689. 

Polygonin, 1085. 

Polygon mi cuspidal urn, eonstituenls of 
the root of, 1084. 

Potassium antimoniocitrate, 1080. 

antiinoniomalonate, 1035. 

antimomoraucate, 1037. 

antimony chloride, 516. 

arseniocitrafie, 1033. 

— arseniomucate, 1038, 

bromide, molecular refraction of 

dissolved, 837, 844, 865. 

*— chloride, freezing point of very 
dilute solutions of, 14. 

— molecular refraction of dis- 

solved, 836, 844, 865. 

— cyanide solutions, action of, on 
gold and silver, 199. 

— oZZo-othylic cainphorato, electro- 
lysis of, 337. 

— iodide, molecular refraction of dis- 
solved, 837, 845, 865. 

-—•nitrate, molecular refraction of 
dissolved, 837, 845. 

— nitrososulpbate, 453. 

— action of alcohol on, 1098. 

— ■ — — alleged isomerism of, 1019. 

— oxysidphantimonate, 640. 

— - platinochloride, reduction of, 984. 

d-propyoxysuocinates, 955. 

rottlerin, 235. 

Bulpbate, freezing point of, 191. 

— * molecular refraction of dis- 
solved, 838. 

tartrarsenite, 104. 

— zinc sulphate, molecular refraction 
of dissolved, 888* 

Propionic acid, bromo-, optically active, 
ethereal salts of, 914. 

«— chloro-, optically active, ethe- 

real salts of, 914. 

Propoxysuccinic acids, optically active, 
SIW* 

d-Propoxysuocinic add, 954. 
i-Propoxysuooinio acid, preparation of, 

— - — resolution of, 952. 
Z-Propoxysuccinic acid, 954* 
Propylcarbamide, 563* 

Propylic Z-bromopropionate, 922* 

- — • d-chloropropionate, 919. 

— i — d-ethoxy succinate , 978* 

Z-ethoxysuocinate, 978. 

— Z-lactatc, 918. 

— Z-znethoxysuccinate, 971. 
tVo-Propylic d-etlioxysuccinate, 073. 
Rropylurea ? 563. 


Pseudacomtine, constitution of, Proc , 
1895, 151. 

Pyrethrino, 101* 

Pyridine derivatives, oxy-, 399. 
aaf -Pyridinodicarboxylio acid, 7-chloio-, 
402. 

Pyropseudaconino, Proc., 1895, 154. 
Pyropsoudacouitino, Proc., 1895, 151. 


Q. 

Quercetin derivatives, 647. 

hydrobromido, 647. 

hydrochloride, 648. 

hydriodide, C48. 

identity of sophorctin with, 31. 

preparation of, 016. 

sulphate, 647. 

Quiimcctophononcoxime, 998. 


R. 

Rate of cscapo of gases from solutions 
of varying concentration, 8G9, 983. 
Refraction equivalents and the period 
law, Proc., 1895, 10. 

-—molecular, of dissolved salts and 
acids, 831. 

Reein, from Piper ovation , 96. 
/8-Resorcylic acid, derivatives of, 990. 

ethyl ether, 996. 

ethylation of, 995, 

— methyl ether of, 994. 

molhylation of, 993. 

Rhamnazin, 498. 

— constitution of, 500. 

— sulphaio, 661* 

Rhamnetin sulphate, 660. 

Root *of Polygonum euspidatim, con- 
stituents of, 1084, 

Rotatory powor of eamphorsulphoiuc 
bromidcB and chlorides, 854. 

— ■ of corydaline, 17. 

— of ethereal mothoxy- and 

propoxy-succinales, 957. 

of ethereal salts of optically 

active, lactic* chloropropionio and 
bromopropionic acids, 914. 

— - of otlieroal salts of sareo- 

lactic acid, Proc., 1895, 64. 

— — of halogen derivatives of 
camphor, 372. 

of metallic salts of active 

lactic acids, 616. 

of mothoxy- and propoxy- 

succinio adds, 949. 

— of octaoetylmaltose, 214* 

Rottlerin, a dyeing property of, 288, 
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Rot tier in, action of nitric auicl on, 
230. 

— action of sodium carbonate on, 
237. 

metallic derivatives of, 233—230. 

— molecular weiglit of, 233. 

Rottlerono, 237. 

Rubidium chloride, molecular refraction 
of dissolved, 830, 844. 

— sulphate, molecular refraction of 
dissolved, 838. 

Rutin, identity of sophorin with, 32. 


S. 

“ Saccharin,” crystallography of, 985. 

Salts, coagulation of arsenious sulphide 
BolutionB by, 63. 

dissolved, molecular refraction of, 

831. 

Samai shite, hehtun from, 687. 

Sarcolactio acid, ethereal derivatives of, 
Paoo., 1895, 54. 

— rotatory powers of the ethe- 

real derivatives of, Pboo., 1895, 
54. 

Sesquiterpene from oil of hops, 59. 

Silieo-spiegel, estimation, volumetric, of 
manganese in, 274. 

Silver, action of, on fused ammonium 
salts, Pboc., 1895, 114. 

amalgam, remarkable molecular 

change in, 239. 

freezing point of, 188, 1024, 1027, 

1028. 

cMactato, 627. 

nitrate and urea, interaction of, 

705. 

ornaments from Inca graves at 

Oliimhoto, Peru, chemical composi- 
tion of, 242. 

— roitlerin, 236. 

— solubility of, in solutions of potas- 
sium cyanide, 204. 

Sodium antimoniocitrate, 1081. 
arsemioeitrato, 1034. 

— carbonate, freezing point of, 101. 

— — chlorate, molecular refraction of, 

dissolved, 838. 

chloride, molecular refraction of 

dissolved, 835, 844, 864. 

— detection of, by means of diby- 
droxytartaric acid, 48. 

— nitrosulpbate, 1095. 

-rottierin, 233. 

sulphate, freezing point of, 191. 

— ——molecular retraction of dis- 
solved, 888, 866, 

tSFinnstils. im. 

Solution and 63. 


Solution, exibfcente of hydrates and of 
double compounds in, Pitor, 1895, 
87 . 

Solutions, dilute, new method of deter- 
mining the freezing point of, 1 . 

ol varying concentration, rate ol 

escape of gases from, 809, 983. 
i Sophora japomea, yellow colouring 
matter of, 30. 

Sopliorotin, identity of, with quercetin, 
31. 

Sophorin, identity of, with rutin, 32. 
Spectrum of helium, 687, 698, 1108. 
Spiegelcisen, estimation, volumetric, of 
manganese in, 274. 

Starch, action of diastase on, 702, 
739, 

action of diastase prepared from 

kiln-dried malt on, 707, 714. 

hydrolyhis, fractionation of the 

products of, 717. 

- — - paste, action of diastase on, in the 
cold, 309. 

Steel, estimation, volumetric, of man- 
ganese in, 275. 

Strontium chloride, molecular refraction 
of dissolved, 836, 841, 86 1. 

— Wactato, 626. 

rottlenn, 235, 

tartrarsenite, 105. 

Strychnine, d-ethoxybuccinatc, 965. 

7-clhoxyhueebmte, 965. 

Z-ethoxysuccinute, acid, 96 1. 

Amethoxysuceinate, 964. 

Succinic acid,' chloro-, lwvorotatory, 
formation of, 494, 

i Succinimido, action of nit rosy! chloride 
on, 493 . 

i Siu*cmyl-«5-diiucthyldi})henyldithio- 
j urea, symmetrical, 570. 

S uceinyl -n^-dl-a-naphtbyldifchioearb- 
amido, 509. 

Sttccinyl-a&-di-a-uaphthyldithiourett, 

569. 

Succinyl-u^-diphcnyldibmizyldithio- 
urea, symuiotrical, 670. 
Suecinyl-ab-diphenyldisomithiocarba- 
ztde, 571. 

Suocmy)-«6- diphony Iditliiocarbamido, 
566. 

Sucoinyl-oJ-diphenyltliiourea, 566. 
Succinyldithiooarbamide, 563. 

— ■ action of' alcoholic ammonia on, 
578, 

action of water on, 572. 

derivatives of. 565. * 

Sucoinyl-rt&-di-o-tolyldithioetAamide l 

669. 

SuocinyhaJ-di-o-tolyldithiourta, P69. 

Sugars* yotanetpic, by 

rW&'tbtf m mmmtM &ppw 

toon, P»oa., 1896,43i 
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Sulphanilic acid, thio-dorivatives of, 
Pit oo., 1895, 11.1. 

Sulphantimomo acid, 542. 

Sulphocamphylic acid, Puoo., 1895, 28. 

— - — — iusiou of, with potash, Puoo., 
1895, 24. 

Sulphur compounds in fcho atmosphere, 
attonipts to estimate, Puoo., 1894, 
218* 

Sulphuric acid, molecular refraction of 
dissolved, 838, 866. 

Sulphurous anhydride, rate of escape 
of, from aqueous solutions of iai*ying 
concentrations, 877, 880. 


T. 

Tantalite, helium from, 689. 
Tartrarsonic acid, salts of, 108. 
Tartrarsonious acid, 105. 

Tartrarsenitcs, metallic, 102. 

Telluric acid, action of hydrogen sill* 
pi lido on solutions of, 527, 543. 
Tellurium, atomic weight of, 549. 
Temperature, effect of, on phosphor- 
escence, Pitoo., 1894, 172. 

gradients of flames, 1050. 

Temperatures, high, determination of, 
by means of platinum-resistance pyro- 
meters, 160. 

Tetracetylbenzaconine, 461. 
Tetraphenylhydrazine, 1091. 
Tetra-p-fcolylhydrazino, 1093. 
Thermometer, platinum-resistance, 101. 
Thiocarbamide, substitution derivatives 
of, 557. 

aa'-Xhionaphlhalene, C42. 

Thiourea, substitution derivatives of, 
556. 

Tin, freezing point of, 185. 

Toddalia aculeata , colouring mattor of, 
413. 

Toluone, »-ohloro-, sulphonation of, 
Puoo., 1895, 153. 

2 : 8-ohloromtrO", Puoo., 1895, 

152. 

2 ; 4-ohloronitro-, Puoo., 1895, 

152. 

2 : 3-dichloro-, Puoo., 1895, 151. 

— — sulphonation of, Puoo,, 1895, 
151. 

% 1 4-dichloro-, Puoo., 1895, 151. 

sulphonation of, Puoo., 1805, 

151. * 

2 s 6-diohloro-, Puoo., 1895, 151. 

sulphonation of, Puoo., 1895, 

151. 

8 ; 5-didhloro-, Puoo., 1895, 152. 

— — sulphonation of, Puoo., 1895* 

152. 
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Toluene, 3:2; 5-dichloronitro-, Puoo., 
1895, 152. 

o-Toluenoazomaelurin, 981. 

Toluene-2 : 6-di&uiphomc acid, Puoo., 
1895, 151. 

* chloride, Puoo , 1895, L3 1. 

Toluene-8 : 4-disulphonic acid, Puoo., 
1895,151. 

— chloride, Puoo., 1895, 154. 
Toluenodisulphonic acids, Puoo., 1895, 

152. 

— o-chloro- and ji-chloro-, 

Puoo , 1895, 152. 

Toluenesulphonunido, 2 ; 3-dicliloro-, 
Puoo., 1895,151. 

2 : 6-dichloro-, Puoo., 1895, 151. 

3 : 5-dichloro-, Puoo., 1895, 162. 

Toluouo-2-flidphoninnidc, 4- cliloro-, 
Puoo., 1895, 153. 

Tolucne-3-sulplionamulc, l-cliloro-, 
Puoo., 1895, 133. 

5 . (Mlichloro-, Puoo., 1895, 

151. 

4 : 6-dichloro", Puoo., 1895, 151. 

Toluenosulphonic chloride, 2 : 3-di- 
chloro-, Puoo., 1895, 151. 

— — 2:6-clichloi*o-, Puoo., 1895, 

151. 

_ — - 3 * g-diohloro-, Puoo., 1896, 

152. 

Toluonc-2-suIphomc chloride, 4-chioro-, 
Puoo., 1895, 153. 

Tolucu('-3-eulplionic chloride, 4-chloro-, 
Puoa, 1895, 163. 

t *. 6-dichioro- Puoo., 1895, 

161. 

5 : 6-dichloro, Puoo., 1895, 

161. 

o-Toluic chloride, reduction of, Puoo., 
1894, 210. 

w-Toluidino, 2-chIoro., Puoo., 1895, 
152. 

6 .* C-dicldoro-, Puoo., 1805, 162. 

o-Toluidino, 6-ehloro-, Puoc*, 1896, 162. 

— 8 : 5-ehloronitro-, Puoo., 1806, 162. 
p-Toluidine, 2-ohloro*, Puoo., 1895, 152. 
n-p -Toly] -v-dibonzyUlnourea, 568. ‘ 
w-Tolylihiouroa, 56U. 
y>-Tolylthiouroa, 1043. 

Triaootylaoonitiuo, 462. 
‘Triacotylbenzaeouino, 460. 

» trihydmto, 461. 

Triuootylpyracoiiit ine, 463. 

Triu eebylrhaumazin, 498. 
Tribonzoylrhamnazin, 490. 
Tribenzylthiouvoa, 557, 
Trimethylcyanopropionlc acid, 423. 
Trimothylenecarboxylic add, action of 
bromine on, 118. 

— physical properties of, 110. 

Trimetliylelhylene, magnetic rotation 
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Trimethylsuccinic acid, 416. 

— preparation of, by BischolT’s 

reaction, 431. 

anhydride, 128. 

Trimethylthiourea, 557. 


U. 

Urea and silver nitrate, interaction of, 
765. 

— substitution derivatives of, 560. 

transformation of ammonium oyan- 

ato into, 746. 

Urethane, action of nitrosyl chloride on, 
491. 

V. 

?*o-Valeric chloiide, reduction of, P boc., 
1894, 216. 

m-Valeryl-v-benzylplicnylthiourea , 1 044. 
rti-Yaleryl-a-naphthylthiocarbamido, 
1044. 

ab-Y aleiylphenylthiocarbamide, 1041. 
Yalerylthiocarbimido, derivatives of, 
1040. 

Yaleiylthiourca, 1046. 

Valery l-/8-thiourethane, 1015. 
Valoryl-o-tolylcarbamide, 3043. 
rt'i-Yolcryl-o-tolyltliiocarbamide, 1042. 
<rf>-Yalcryl*-jo-tolyithiocarbainide, 1043. 
Yapour pressures of normal hexane, 

1071. 1074. 

Y elocity of transformation of am- 
monium eyauate into urea, 751. 

V eratrylpseudacoaaino, Pboc., 1896, 
156. 

Volumes, specific, of normal lioxane, 

1071. 1075. 


W. 

Water, influence of, on chemical change, 
3139. 

Wax from J ?ot/l#onum tits# (datum, 
1089. 


X. 

Xenotinie, helium, from, 688. 


Y. 

Yeast, hydrolysis of maltoso by, Pboc., 
1896, 46. 

Yttrium-cerium group, not yet tho- 
roughly characterised elements of, 
477. 

perfectly characterised ele- 
ments of, 475. 

Ytlrotantalite, helium from, 687. 


Z. 

Zinc ammonium lactates, active, prepa- 
ration of, 637. 

sulphate, molecular refrac- 
tion of dissolved, 838. 

freezing point of, 183. 

— oxidising, action of ammonia solu- 
tion on, Pboc., 1896, ,9, 

potassium sulphate, molecular re- 
fraction of dissolved, 838. 

sulphate, molecular refraction of 

dissolved, 838, 866. 



ERRATA. 

Yor.LXI (Tuans , 1892). 

Page Jjme 

913 18* for “crystallisation” read “ cupeliation.” 

Yoi,. LXIII (Trans., 1893). 

72 4 8 „ “It. C. Maolaurin.” read “ J. 8. Maelauriu.” 

Vol. LXY (Trans., 3894). 

910 15* before “ Tlie properties of” insert “ The formula lor the crystallised 

acid differs from that of diliydroxytartaric acid by two atoms of 
hydrogen. * 


You LXVII (Trans., 1895). 


189 

2 

for "d" read"*!’ 

215 

9 

„ “ 50*39 •* read "SMS.” 

454 

14* 

„ “and that the explanations u read “and boliovo that the expla- 
nations” 

563 

21 

„ “ mothylio thiooyanate ” read " methyltlriocarbimido.” 

564 

14 

„ “really” read “nearly,” 

845 

6* 

„ “ 30*86 — 32*03 | + 0*026” read “ 42*41— 44*04 | + 0*036.” 

865 

3* 

col. ii, for “30*86” read “42*41.” 

j » 

2* 

„ „ “30*99” „ “42-00.” 

» 

bottom 

„ „ “31*06” „ “42*69.” 

866 

top 

coU, „ “31*41” „ “43*21” 

» 

2 

„ „ “31*81” „ “43*73” 

» 

3 

„ „ “32*03” „ “44*04.” 

871 

4* 

Delete. 

872 

8 

after “inoroasoa” insert “ The values of Q eaunot bo expressed by 
any simple equation.” 

1013 

14* 

after “acid” insert “ distilling the chloric aoicl thus obtained.” 

3014 

17* for “ Ag(010,)j" read “ Hg(a0 4 ) 3 .’’ 


* Prom bottom. 
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